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CERTIFICATION 


The Hewlett-Packard Company certifies that this instrument was 
thoroughly tested and inspected and found to meet its published 
specifications when it was shipped from the factory. The Hewlett- 
Packard Company further certifies that its calibration measure- 
ments are traceable to the U.S. National Bureau of Standards to 
the extent allowed by the Bureauw’s calibration facility. 


WARRANTY AND ASSISTANCE 


All Hewlett-Packard products are warranted against defects in 
materials and workmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo- 
nents listed in the operating manual, for the specified period. We 
will repair or replace products which prove to be defective during 
the warranty period provided they are returned to Hewlett- 
Packard. No other warranty is expressed or implied. We are not 
liable for consequential damages. 


Service contracts or customer assistance agreements are available 
for Hewlett-Packard products that require maintenance and re- 
pair on-site. 


For any assistance, contact your nearest Hewlett-Packard Sales and 
Service Office. Addresses are provided at the back of this manual. 


To assist you in making the fullest use of the 


Vector Voltmeter, Hewlett-Packard prepares Applica- 
tion Notes as new information is available. To 
receive these publications plus information on new 
equipment developed for the Vector Voltmeter, 


please fill in the Information Request Card attached. 
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| Hewlett-Packard Company 
‘ 1501 Page Mill Road 
Palo Alto, California 94304 


Attn. Microwave Network Analysis 


Product Manager Microwave Division 


FOED \& "STAPLE 


— — oo mare ae 


| would like to receive the latest APPLICATION NOTES, and new product information 
applicable to Model No. 8405A Vector Voltmeter. 


COMPANY 
ADDRESS 


Tite 


ATTENTION 


To assist us in providing information of most interest to you, please fill in the reverse 
side of this card. 


PLEASE CHECK THE FOLLOWING BOXES AS APPROPRIATE: 


MY MAIN INTEREST IS: 


[_] TO USE THE 8405A AS A VOLTMETER 
[] IN502 COAXIAL SYSTEMS 
[-] FoR IN-CIRCUIT MEASUREMENTS, OTHER THAN 502 SYSTEMS 


[-] To USE THE 84054 AS A RATIOMETER IN502 COAXIAL SYSTEMS 
[_] TRANSMISSION MEASUREMENTS 
[-] ATTENUATION, GAIN, INSERTION LOSS 
[.] ELECTRICAL LENGTH 
L] Group DELAY 
[-] PHASE SHIFT (INSERTION PHASE, PHASE TRACKING) 


Ea REFLECTION MEASUREMENTS 
I REFLECTION COEFFICIENT, RETURN LOSS;-VSWR 
es] IMPEDANCE (PHASE SHIFT) 


THE DEVICES | CHARACTERIZE USING THE 8405A ARE (PLEASE LIST): 


MY FREQUENCY RANGE OF INTEREST IS: 


PRESENT FUTURE 
[-] 1to 100 MHz 
[J 100 to 300 MHz 
[-] 300 to 500 MHz 
[_] 500 to 1000 MHz 


[eles 


THE 8405A WILL BE USED IN: 


PRODUCTION 

RESEARCH & DEVELOPMENT 
MAINTENANCE 

OTHER: 
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8405A 


Serial Prefix: 946- 


This manual applies directly to the HP Model 
8405A Vector Voltmeter having serial prefix num- 


ber 946-. 
Serial Prefixes Not Listed 


For instruments with serial prefix above 946-, a 
“Manual Changes” sheet is included with this 
manual. The necessary changes required to adapt 


this manual for instruments with serial prefix 838 
and below can be found in Appendix I. 


NOTE 
See inside rear cover for overall schematic. 
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Figure 1-1. Model 8405A Vector Voltmeter and Supplied Accessories 
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Hams WITH CLASS 


Carole Perry WB2MGP 
Media Mentors Inc. 

P.O. Box 131646 

Staten Island NY 10313-0006 


Teachers’ Workshop at 
Dayton 


The Teachers’ Workshop at 
the Dayton Hamvention® was 
filled with a wonderful ex- 
change of really good creative 
ideas for instructors and teach- 
ers. My good friend Gordon 
West WBONOA stopped by to 
rermind the audience how im- 
portant it is to have a ham ra- 
dic teacher who is lively and 
enthusiastic. This is especially 
important when working with 
youngsters. With all the compe- 
tition out there today for the 
children’s time, it’s important 
that we motivate and sustain 
thei: interest in radio. 

Gordon and I plan to resume 
our “CQ All Schools Net” in 
Sepiember on 28.303 MHz on 
Tuesdays and Thursdays at 
12:30 p.m. eastern time. We in- 
vite ell to join us and get on to 
speak with the school kids. 

Next, Dave Bell W6AQ gave 
a little talk about his work as 
Chairman of the ARRL Public 
Relations committee. He held 
he audience spellbound when 
e showed a videotape about 
DXpeditions which included 
ecent footage from Heard Is- 
nd. f 2 gave suggestions about 
ow to incorporate videos like 
His ar Other exciting ham ra- 
0 cor acts into classroom les- 
ns. A copy of this video may 
gotien free by writing to: 
rrthe: 1 California DX Foun- 
ion, »-O. Box 2368, Stamford 
943')9-2368. I heartily rec- 
ment using it as a motiva- 
al and informative lesson in 
hssroom., 
chard Sandell WK6R, who 
among his numerous ac- 
lishments the fact that he 


was a college professor for 
many years, was my next 
speaker. During those years he 
personally brought more than 
3,000 new hams into the hobby. 
He stresses how important it is 
to always have the mindset of 
a recruiter wASk. ellessays, 
“would you like to join us?” 

Richard feels, like many of 
us, that the Internet cannot re- 
place what we as ham radio op- 
erators have. The thoughts and 
emotions that we exchange eas- 
ily with each other are not so 
easily traded on the Internet. 
In his own family, Richard told 
us that bribery worked very 
well with his three daughters 
and his wife. Whatever works! 
Richard continues to be a tre- 
mendous asset to ham radio by 
keeping the Hudson Division 
hams and others well informed 
through his publishing of the 
Hudson Loop. This service is 
available by free Internet sub- 
scription. To subscribe, send an 
Internet E-mail message to 
[subscribe @ hudson-loop.org | 
and type “Subscribe Hudson 
Loop” on the subject line. 

Rosalie White WAISTO is 
the head of the Education Ac- 
tivities Department at the 
ARRL. Rosalie offered the ser- 
vices of her department to those 
who are teachers or instructors. 
She displayed several of the 
League publications, highlight- 
ing those that deal with recruit- 
ing ideas and classroom 
techniques. 

One of the teaching ideas she 
shared with us is the use of 
wooden blocks to show kids the 
progression of a block diagram 
or the building of a circuit. 
Rosalie informs us that OST 
magazine runs a Series of ar- 


ticles about teaching ideas. Be 
sure to consult with her office 
or go to ARRL on the World 
Wide Web at [http://www. 
arrl.org/] if you are a teacher 
looking for ideas. 

My next speaker was the dy- 
namic Bob Heil K9EID. Bob is 
always a great motivational 


speaker for an audience of 


teachers—he has so much re- 
spect for teachers and the pro- 
found influence they have on 
their students. He is a proponent 
of the exciting, lively lesson and 
demonstration technique in the 
classroom. 

Bob is a multi-talented indi- 


vidual with a tremendous list of 


accomplishments to his credit. 
He traced for us how his in- 
volvement with ham radio was 
responsible for the many won- 
derful opportunities he has had 
in his life. 

Bob came up with several in- 
teresting suggestions about pro- 
moting your ham radio classes. 
One of them is to contact local 
TV talk shows. A visit to your 
classroom where children are 
involved with wholesome and 
unusual activities may be just 
what the local TV show pro- 
ducers may be interested in 
presenting. 

On Staten Island, where I 
teach, there is a local cable 
company that has a community 


Radio Bookshop 


Phone 800-274-7373 or 603-924-0058. 
FAX 603-924-8613, or see order form on 
page 88 for ordering information. 


How to Generate 
$1 Million In Extra Sales 


In this video Wayne explains 
how almost any company can 
generate lots more sales using 
PR instead of advertising. 
Learn the secrets of how to 
write and get your PR releases 
published. Learn how to get 
product reviews which are 
pure gold for sales. Not one 
company in the ham industry 
is taking full advantage of the 
power of PR. This is some- 
thing most ad agencies know 
little about. The video is a pal- 
try $42.95ppd. 


programming division. My ham 
radio classes have been featured 
several times over the years. 
You should make your class 
situation known to these local 
stations. There may be a need 
for a “filler” one day, and the 
station may call you to give you 
a chance. It’s definitely worth a 
try. 

My last guest speaker was 
Bill Pasternak WAOITF. Bill is 
a tireless worker for recruitment 
of young hams. He is the num- 
ber-one spokesman for the 
svroune Ham. of theryear 
award. Bill invited everyone to 
be on the lookout for enthusias- 
tic youngsters who are actively 
involved in the hobby. Nomi- 
nees for this award should not 
be children who have gotten li- 
censed just to appease a parent 
or a teacher. There are so many 
talented young people out there. 
Let’s all be supportive of them 
when we meet them on the air— 
and keep Bill in mind when this 
award gets publicized in a few 
months. 

You might also want to keep 
me in mind by referring these 
children to me for an interview 
for the next Dayton Hamvention 
Youth Forum. My column next 
month will feature the wonder- 
ful young people who partici- 
pated in the Youth Forum this 
past May. CU then. 


Radio Bookshop 


Wayne has a whole bunch 
of booklets you'll enjoy — 
like How to Make Money, 
The Bioelectrifier, WWII 
Submarine, Caribbean, and 
other Adventures, Editorial 
Collections, Instant Morse 
Code Course for the truly 
lazy, Reading Guide, Cold 
Fusion, and etc. Ask for 
FREE 16p list of WAYNE’S 
STUFF, 

Order Wayne’s Stuff 
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Secrets of Deviant Behavior 
continued from page 20 


diodes D1 and D2 charging capacitor 
C4 to a peak voltage value. Two FETs 
are used to isolate this detector from 
adjacent low impedance circuits, with 
transistor QI providing a very light 
load on the receiver’s FM detector. 
Transistor Q2 is operating in one leg of 
a bridge circuit and functions as a 
meter driver. Pot R8 is used to zero the 
meter when the gate of transistor Q1 is 
momentarily grounded. The circuit 
was implemented using 2N5245 tran- 
sistors, but it is believed that others 
such as the 2N3819 and 2N4416 will 
work as well. 

In conclusion, an FM receiver or scan- 
ner may be used for measuring or moni- 
toring frequency deviation of an FM 
transmitter. Implementation is accom- 
plished by connecting a scope or peak- 
reading AC voltmeter to the DC output 
of the receiver’s FM detector. 


An FET Probe to MMIC 


continued from page 49 


are not to scale and must be fitted to 
the user’s desired packaging envelope. 
Copper trace widths may be adjusted 
to obtain any desired board profile. 

Mounting the FET probe in a 
Sharpie pen case worked out well with 
the probe tip pushed into the cap 
(which is slightly wider than the pen 
body). Narrowing the board as much 
as possible will allow the board and 
large components to slide into the pen 
body. A hole is drilled in the center of 
the pen cap to allow the probe tip to 
pass. The closed end of the pen body 1s 
drilled with a hole large enough for the 
power lead, ground lead, and RG-174 
coax lO pass. 

Because of the high-frequency attenu- 


ation factor exhibited by the RG-174, 


<O OSSSS 


Fig. 5. Single-sided printed circuit board 
layout for the FET probe with Mini-Circuits 
MAR-1I or MAR-2 MMIC. 

78 73 Amateur Radio Today * August 1998 


MPF 102 
GSD MAR-1,2 
ee ab ge Kip oh fe Ne a 
AT a fa —— gia = our 
ac yar cs vec 
Rise 


Mint-Circuits MAR-1 or MAR-2 MMIC. 


its length should be kept as short as 
possible. Also, to reduce reflections 
and to achieve the best signal transfer 
between the probe and the equipment 
in use, the equipment end of the coax 
may require an impedance termination. 
A coax tee with a non-inductive re- 
sistor on one port 1s usually sufficient 
to achieve the desired The 
value of the resistor would typically be 
50 ohms to match the probe and coax 
impedance. But in the case of the FET 
probe, the resistor value should be de- 
termined the 
equipment’s input impedance is a fac- 
tor in achieving the proper match. In 
some of my 
proved better to have no matching re- 
sistor attached—which, again, provides 


match. 


experimentally since 


experiments, it was 


room for user experimentation. 

In operation, I found that my FET 
probe using the UPC1651 operated best 
at 4.5 V in order to achieve the best 
wideband performance. I recommend 
a trial test run in which the V iS var- 
ied from about 3-5 volts in order to 
find the best point of operation for 
your project. Some versions of MAR 
devices other than the MAR-1 and 
MAR-? require a slightly lower supply 
voltage than does the UPC1651, which 
needs five volts. 

The FET probe is easy to build and 
can be an asset to your test equipment 
and the experiments you perform. Give 
ita try! Both the circuit and the board 
layout for each is shown to provide 


you with construction options. 


SAVE 47%! 


on 12 months of 73 


Only $24.97 


Call 800-274-7373 
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10-meter high power capability would be the 
easiest thing by the next CQ 10 Meters Contest. 
And the extra money might allow him to add 
computer contest logging ... 

The stranger frantically finishes writing the 
check and waves it in front of Jake. “Here it is, 
ready to hand to you right here and now. $15,000. 
Take it or leave it.” 

Jake abruptly makes his decision. “OK,” he 
says, and peels off the watch. 

They make the exchange, and the stranger 
starts happily away. 

“Hey, wait a minute,” calls Jake after the 
stranger. The stranger stops and turns as Jake 
points to the two suitcases he'd been trying to 
wrestle through the bus station. “DON’T FOR- 
GET YOUR BATTERIES!” 

TNX to The Propagator, West Palm Beach 
ARC, Inc., June 1998, Sam Falco KD4VBI, editor. 


Heart Problems 


lf you think you have RFI problems, a Dallas, 
Texas, television station has you beaten by a city 
mile. When it turned on its new high-definition 
transmitter, it caused the wireless heart monitor- 
ing system at the Baylor Medical Center to lose 
all patient contact. According to news reports, 
no patients were injured during the system out- 
age. The station involved, WFAA, did agree to 
suspend operations of the new transmitter until 
the hospital monitoring system was moved to a 
new set of frequencies not prone to digital tele- 
vision interference. But the shutdown of wireless 
heart monitors following launch of DTV service 
in Dallas is almost certainly a harbinger of 
similar problems elsewhere. 

According to Communications Daily, the prob- 
lem centers on the fact that many hospitals have 
wireless systems which relay patient heart ac- 
tivity data to nursing stations. This lets the pa- 
tients roam about. Unfortunately, many of these 
systems rely on previously unused television 
channels which just now are being occupied by 
new digital television signals. Moving all the heart 
monitoring systems will be an expensive propo- 
sition for the nation’s hospitals, and the hea 
monitors are not alone. Many other types o 
wireless systems are believed to use current 
unused DTV channels as well. 

From AARC/OVER, newsletter of Austin ARG 
April 1998, Lloyd Crawford N5GDB, editor. 


Radar Love 


If you’re single, you can use radio technol 
to help find a partner—as long as you're in 
pan. “Lovegety” is a small unlicensed radio tré 
ceiver attached to a keychain. The $25 gi 
acts as a personal beacon to attract someoy 
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VHF and Above Operation 


C. L. Houghton WB6IGP 
San Diego Microwave Group 
6345 Badger Lake Ave. 

San Diego CA 92119 
[clhough @ pacbell.net] 


The pursuit of test 
equipment and other 
junkyard acquisitions 


Even better, this month’s col- 
umn should be labeled, ““Confes- 
sions of an Electronics Junkie.” 
It might provide some revealing 
confessions and realizations on 
what insight is involved in pur- 
chasing and picking out equip- 
ment to put in our ham shacks. 

Let’s open the doors to real- 
ity and look at a variety of deals 
made to pick up test equipment. 
Sure, we all would like to have 
the very best in frequency 
counters, signal generators, o- 
scopes, and such for use when 
the need arises. That’s why we 
are junkyard aficionados. We try 
to get the best deal we can on a 
limited budget. The want list 
does not stop at just simple 
items, but can get quite involved 
when the lack of logic and rea- 
son hinders our judgment. Deep 
pockets and lust for a particular 
item need to be balanced by a 


swig of Kool-Aid™ and a bit of 


self-realignment and evaluation. 

Actually, if your purchases 
resemble mine, you too have 
become quite a collector of vari- 
Ous pieces of test equipment 
which you’ ve picked up as bar- 


gains during a hot flash of 


“pickupitis,” only to find out 
later that your bargain turned out 
to be something less desirable on 
closer (and cooler) evaluation. 
That’s why we want to advise you 
about our experiences—so that 
you can avoid diving into a new 
money pit. In other words, pick- 
ing up something that someone 
just passed to you which has a 
problem they could not fix—or 
did not want to—and so they 
made a get-rid-of as-is sale. 


I don’t want to say every deal 
out there is bad, but here are 
some pointers from my experi- 
ence. There are some bargains 
out there—just evaluate them 
without the “hot blood flowing” 
if you can. That’s the point of 
the column this month—to de- 
scribe some of the bad decisions 
I have made in purchasing “bar- 
gain” test equipment—things I 
paid good money for, and which, 
I can now admit, make great 
doorstops. 

Don’t get me wrong. Collect- 
ing parts and pieces towards a 
well-stocked junk box is admi- 
rable and has saved quite a bit 
of money for all of us. It’s just 
that when we need a D9 Cater- 
pillar™ bulldozer to move the 
junk box, it’s time for another 
approach. It’s great to save old 
parts, but I have become very 
aware that holding on to old AC 
power transformers from TV 
sets and bags of parts removed 
from PC boards can be detri- 
mental to movement about the 
shack. 

I might be getting a little fussy 
about parts and all the impres- 
sions that go with holding on to 
a large quantity thereof, waiting 
to acquire that certain piece of 
unobtainium to start a certain 
project. If you are as assiduous 
at collecting material for your 
junk box as Iam, you too might 
benefit from reviewing priori- 
ties and storage space before 
spring—or summer—cleaning 
becomes a necessity. 

Sometimes I lose my focus 
and start collecting material at 
arate that makes it seem that my 
goal is to be one of the major 
electronics suppliers—when 
most of the material I have as- 
sembled should be heading off 
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towards a museum for proper 
use. For example, why did I pick 
up arusty Hallicrafters S19 Sky 
Buddy HE receiver? I don’t 
know for sure, but possibly it’s 
because I had one in my very 
early years. Don’t be discour- 
aged at these words of disen- 
chantment. Just read between 
the lines: We should be specific 
when assembling parts collec- 
tions and make sure that they’ re 
something useful. Don’t amass 
a collection that will not be put 
to use. 

I have to admit that to be able 
to write these columns for quite 
a bit of time, lots of material had 
to be obtained and put to use so 
that I could focus more clearly 
on the subject. But sooner or 
later the pile in front of the 
workbench gets too high and 
impairs vision. It’s not getting 
rid of good usable items, but 
instead taking a look at how 
much dust has collected on top 
of things and taking appropriate 
action. 

I have been witness to other 
collections that have filled many 
old dresser drawers stacked one 
on top of another to hold parts, 
and I’ve wondered how any- 
thing could be found in the clut- 
ter. The same holds true for 
stacks of cardboard boxes in the 
garage, and I have to admit that 
it’s also true for other personal 
storage areas. Something had to 
be done to refocus on parts that 
actually would be used and to 
get rid of my museum—either 
that, or charge admission. 

Since annual cleaning has 
started taking place at my shack, 
I have disposed of about three 
pickup truckloads of material 
that was hard to give away. I 
guess the reevaluation of this 
material by someone who would 
take it off my hands prompted a 
rebirth in my thought processes 
on what is valuable and should 
be retained. This has led to a 
retention rule that is quite close 
to the truth. If it hasn’t been used 
in a year or two you probably 
wont use it, so get rid of it. 

I have been in the process of 
upgrading my test equipment 
for many years and have even 


picked up hangar queens of test 
equipment that I have made op- 
erational on the test bench. What 
is a “hangar queen”? Well, it’s a 
nonfunctional piece of equip- 
ment that is used as a source of 
repair parts to facilitate repairs 
to your operational equipment 
when it crashes. 

The premise of buying han- 
gar queens is that this equipment 
is quite cheap because it does 
not function. It might have parts 
missing. The cost of a hangar 
queen, in most cases, is quite 
inexpensive when compared 
with the price suggested by the 
original manufacturer of the 
equipment. You probably will 
be shocked at the cost of new 
parts to repair old test equip- 
ment. What you have to do is 
determine for yourself what you 
can tolerate to store for “that 
day” when something breaks on 
your prime 15- to 20-year-old 
test Sweeper or O-scope. 

I have come to see that hav- 
ing repair parts is great if you 
have room to store them. In 
some cases, it might be better 
to obtain another test set. Of 
course, this depends on your 
area of the country and what has 
been available to use as a guide 
for future needs. In some parts 
of the country, test equipment is 
at quite a premium and all rec- 
ommendations are quite void. 
The primary rule to follow, then, 
is that if it’s reasonable and you 
can use it, pick it up even if it’s 
a spare. 

In looking for new and inter- 
esting material to write about, 
I’ve also run into many differ- 
ent electronic bargains that I did 
not need. If this piece of equip- 
ment is of the rare type that 
would be appreciated in a 
friend’s shack and improve his 
test’ equipment, I usually pur- 
chase it on speculation that it 
will not be turned down by 
someone in Our microwave 
group for cost. Don’t go too far 
out on a limb, though. If it turns 
out to be bad, you’re stuck with 
a great doorstop, so have a cush- 
ion either in the pickup price 
(usually with no guarantee) or 
take a phone number and let the 
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Fig. 2. Single-sided printed circuit board 
layout for the NEC UPC1651 FET probe. 


the board layout for each MMIC are 
shown, to provide you with construc- 
tion options. The UPC1651 has one 
long lead which designates the output. 
Internal biasing is. obtained through 
another terminal. The input and output 
terminals are on opposite sides of the 
device and require only coupling ca- 
pacitors to the adjoining circuits. 

When using a MAR device, the out- 
put terminal must be biased externally. 
Typically, a series-connected inductor 
and resistor are used with the MAR 
device. However, in the FET probe ap- 
plication it might be best to use only a 
75-ohm resistor. It has been found that 
1/4-watt carbon resistors in the 50-100 
ohm range tend to be non-inductive 
and work well in RF circuits. An in- 
ductor, if used, would tend to peak the 
response at some frequency when a 
flat probe response is preferred. 

To obtain a high input impedance, a 
JFET connected as a source follower 
was used as an input stage. Although 
little or no experimentation was done 
in selecting the 560-ohm source resis- 
tor, suitable probe results were ob- 
tained. However, the source resistor 
value may be adjusted as required to 
improve the match between the FET 
and the MMIC to achieve a better or 
different response. In other words, the 
design lends itself to experimentation 
and improvement to meet the user’s 
needs. 

Again, and although my FET probe 
was implemented with an MPF-102, 
other JFETs, such as 2N5245-48, 
2N4416, etc., should perform well as 


Fig. 3. Parts layout for FET probe using 
the NEC UPCI651. 
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they were designed to operate in the 
400-500 MHz region. Since the MMICs 
are designed to operate up to about 
1000 MHz, the FET will be the fre- 
quency-limiting factor. 

I buiJt my probe on a strip of single- 
sided 1/32-inch glass circuit board 
which is narrow enough to fit inside 
the shell of a Sharpie® marking pen, 
but the probe works well without a 
cover should you choose to operate it 
that way. The parts are mounted on the 
copper side of the board to keep lead 
lengths to a minimum and not require 
any holes—except, that is, for a 3/16- 
inch one to provide clearance for the 
MMIC body so that the terminal leads 
will lie flat against the board. If it is 
necessary to cut the MMIC leads, care 
must be taken to retain the lead orien- 
tation, particularly on the UPC1651. 

Component leads were formed to lie 
flat and are soldered to the copper 
traces. Chip capacitors were used for 
coupling and small axial lead caps were 
used for the 1 WF and 0.01—-0.1 WF V.. 
bypass caps. The two axial-lead ca- 
pacitors are skewed to fit inside the en- 
velope of the pen shell. 

One-eighth-watt resistors may be used 
in the 100 k to 1 meg and 560-ohm re- 
sistor locations, but the 75-ohm used 
with the MAR device must remain as 
a 1/4-watt carbon to achieve the flat 
frequency response. The circuit board 
layouts shown in Figs. 2—3 and 5—6 
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HamCali™ CD-ROM 
U.S. & International - Over 1,490,000 listings 


The HamCall™ CD-ROM allows you to look 
up over 1,490,000 callsigns from all over the 
world, including over 300 call areas. Over 
108,000 new andupdated International 
listings on the April, 1998 edition! 


The same CD works in DOS,Windows 3.1, and Windows 
95. Look uphams by call, name, address, city, state, postal 
code, county, andcountry. Viewphotographs (listincluded), 
edit records (now including fax number), and calculate 
beam heading and distance. 

*Data displayed: callsign, class, name, address, license 
issue date, expiration date, birth date (over 678,000U.S. 
birthdates stillin database), previous call(s), previous 
class, latitude, longitude, grid square, county, time zone, 
e-mail address, QSL manager, and WWW URL. 

*Displays precise latitude, longitude, and grid square for 
almost every U.S. and DX call. 

Calculates beam heading and distance from your station. 
*Enhanced label printing for Windows. Select printer, font 
andprint any size label. Label size, margins, columns, 

and rowsare fully configurable. Supports copy & paste. 


Alsoon HamCall™ are over 144,000 cross references 
from oldtonewcalls, over 60,000 e-mail addresses, over 
3,500 photos, 19,000 vanity calls and much more. 

HamCall™ is still just $50.00 plus $5.00 shipping 

U.S., $8.00 international. 
6196 Jefferson Highway 
Mineral, VA 23117 USA 
e-mail: info@buck.com 


P3UCKMASTER 
540:894-5777 * 800:282-5628 » 540:894-9141 


Any Tech or higher ham can transmit live action color and 
sound video from their camcorder, just like broadcast, to other 
hams. It’s fun, low cost, and easy! Uses any TV set to receive, 
add our TC70-10 ten watt 420-450 MHz Transceiver, and 
antenna - no other radios. See ARRL Handbook page 12.46. 


HAMS: Ask for our free10 pg ATV Catalog! 


We have it all, downconverters, transmitters, antennas, 
amps, etc. for the 70, 33, 23 and 3cm ATV ham bands. 


P.C. Electronics @® 


2522 PAXSON Ln, ARCADIA, CA91007 ~~ 
CALL (626) 447-4565 or FAX 626-447-0489 
WEB: WWW.HAMTV.COM - Email: TOM@HAMTV.COM 
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Photo D. Wiring behind the front panel. 


the perf mounted on the back of the ro- 
tary switch. Note the heavy #10 wiring 
used to bring the power to the work- 
bench panel. This heavy wiring from 
the regulators reduces voltage drops 
when a few amps of current are drawn. 


Other output voltages 


Fig. 5 shows the necessary informa- 
tion for designing regulators for any 
desired output voltage. When using 
Fig. 5, follow the equations from left 
to right, through “A” to “B” to “C” for 
your particular needs. Be sure to check 
the required power dissipation of the 


components used in your regulated 
supplies, and provide adequate heat 
sinks. A first approximation of the power 
to be dissipated in a regulator IC is: 


Power = (Supply Voltage - Regulated 
Output Voltage) x Output Current. 


Keep in mind that most TO-3 regula- 
tors are limited to about 20 watts, and 
that assumes they are in adequate heat 
sinks. 

My schematics were based on the 
components on hand at the time of 
construction. The components deter- 
mined the specific circuit designs. 
Other regulator circuit designs are fre- 
quently used, and are described in pub- 
lications such as the Voltage Regulator 
Handbook (National Semiconductor, 
1975). I encourage you to use compo- 
nents you already have or can find 
readily at hamfests. 


Future additions 


Note the unused space on the left 
side of the power panel. That space is 
reserved for future installation of the 
next-most-needed supply—a variable 
voltage source. For some analog cir- 
cuits (op amps and the like), a dual- 
ended supply (plus and minus voltages) 
is often needed. So that reserved 
space just might be used for a vari- 
able voltage, dual tracking regulator. 
But that’s forecasting the future, which 
is beyond the intended scope of this 
article. 


Regulated Output 
Vai = 1.25 
Ig: = 1.25/R1 


Ia. = Ip, + 9.3ma 
Ty, = (1.25/R1) + 0.3ma 
Vp, =R2 X I, 


| Spee V | | pease | Lee 


Given RI & R2, Find V,,, = Vout = R2 ((1.25/R1) + 0.3ma) + 1.25 
Given V,,,, & R1, Find R2~) R2=(V 


- 1.25) / ((1.25/R1) + 0.3ma) 


out 


Fig. 5. Designing other regulators. 


-CODEMASTER V 
0-20WPM in 90 Days 


Guaranteed! 


Codemaster V is the only computer-based 


Morse code trainng iem that quarantees 
RESULTS! Whether aes a beginner or want 
to break the 3 barmier, it will take you as 
far as you want fo go, and it’s fun! 


a ; Only 
Codemaster V has a wide variety of training | 
and practice routines, tnal exams, interactive 
arcade game, and much more. CM5 can use 
multiple Morse ees mcluding foreign | 
characters, and it's endorsed for milit 


training! For any IBM compatible PC. S. 
$5.00 (in US). Credit card orders toll free! 
Milestone Ti 


echnologies, Inc. 
3140 S Peoria Unit K-156 Aurora, CO 80014 
(303)752-3382 sales@mtechnologies.com 
www mtechnolog es.com/mthome 


CIRCLE 136 on READER SERVICE CARD 


REPEATERS | 
6m,2m & 440 
ON YOUR FREQUENCY 
tuned ready to go. 
$349.95 to $609.90 
depending on controller. 
Controls: basic to autopatch/voice | 


Micro Computer Concepts 
8849 Gum Tree Ave 
New Port Richey, FL 34653 
813-376-6575 
http://homel.gte.net/k4lk/mee 
VISA, MC, Cks, CODs, PO | 


CIRCLE 160 ON READER SERVICE CARD 


mM» COAX RELAY 


| DOW-KEY (or =) SPDT RF RELAY, looks 
* like DK60-Series with three N-connections, 
500+ W contacts & 26 VDC coil. 2.5"W x 
3.5” Hx1”D, 2 Ibs. #502-101, used, $32.50 | 


DOORKNOB CAPACITORS Centralab 850 or 
equal; 0.5”H x0.8" dia; USED, $6 each. Specify: 
30, 50 or 75 pf 7.5 KV; 100, 120 or 40 pf 5 KV 
#858, 1000 pf 5 KV, $8 #857: 15 KV 40 pf, $10 
#N4700, 0.004 mf 20 KV, 0.6”Hx2.4” dia. $17.00 


#410-S ORON TUBE SOCKET for tee 
3-500Z, 4-400A, 4-125A 5-pin PA * 
tubes. Stainless steel 3.6” dia (92 oe ey 
mm) ring has ceramic insulated silver- 

plated contacts. NEW, $27.50; 2 for $6000 $47 


JAN-BOXED ELECTRON TUBES, unused 
4CX300A Eimac, $45 6146W GE, $19.95 10/$175 
4CX5000J Eimac, $650. 7360 ECG, $15.00 

4D32 Raytheon, $35.00 8295A Eimac, $350 


VISA, MASTERCARD or DISCOVER accepted. 
Prices F.O.B. Lima, Ohio. Allow for shipping $ 
Write for latest Catalog. Address Dept. CQ 
Phone 419/227-6573 + FAX 419/227-1313 

E-mail: fairadio@ wcoil.com 
Home Page: http://www2.wcoil.com/~fairadio/ 


FAIR RADIO SALES 
1016 E. Eureka P.O. Box 1105 Lima; OH 45802 
CIRCLE 75 ON READER SERVICE CARD 
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Number 48 on your Feedback card 


An FET Probe to MMIC 


How about some (well, relatively) new technology for your test bench? 


f you experiment as much as I do, 

you will have occasion to need a 

high-impedance probe having some 
gain for use ahead of an oscilloscope, 
counter, or high-frequency voltmeter. 
It may also be used as an RF sniffer for 
detecting the presence of RF on reso- 
nant circuits. The probe has a fre- 
quency range from about 20 kHz to 
500 MHz, and an output impedance of 
50 ohms—which makes it usable over 
most of the ham bands. The general 
specifications for the probe when using 


an NEC UPC1651 MMIC and MPF- 
102 JFET are: 
E = 15 V _, Max 


1h, => 100k 
w= 50 ohms 
Vic= Bay 


F = 20 kHz to 500 MHz 

gain = >10 dB. 

Here is the story about how the FET 
probe came into being. A while back I 
ran across an NEC UPC1651 MMIC 
(monolithic amplifier) and at first had 
difficulty in using it. But as a true ex- 


+Vcc 
IN OUT 
(LONG LEAD) 


-Vec 


MPF 102 


GROUND 
CLIP 


Fig. 1. Schematic of FET probe using an NEC UPC1651 MMIC. 
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Hugh Wells W6WTU 
1411 18th Street 
Manhattan Beach CA 90266-4025 


perimenter, I began designing circuits 
around it to see what it would do. Fail- 
ures seemed to prevail over successes 
until I realized that the input and output 
impedances were 50 ohms. 

From that point on, things improved. 
The projects ranged from the FET 
probe to stripline amplifiers. So far, 
the FET probe has proven to be the 
most useful application because it has 
provided an increased input sensitivity 
to the supporting equipment. The 
equipment is “pushed” to respond to 
lower signal levels and slightly higher 
frequencies than it would normally 
support. What this means to the ex- 
perimenter is that his equipment can 
be extended sufficiently to provide in- 
dications not previously possible. 

Construction of the FET probe is 
straightforward with no surprises. The 
prototype was implemented with the 
NEC UPC1651 and the are 
shown in the first paragraph above. Al- 
though I did not try one personally, a 
Mini-Circuits MAR-1 or MAR-2 (and 
perhaps other versions, too) should 
work equally well and should meet the 
specifications shown. 

There are minor differences in the 
device configurations which are shown 
in Figs. 1 and 4. Both the circuit and 


results 


Model 8405A 


Section I 


SECTION I 
GENERAL INFORMATION 


1-1. DESCRIPTION. 


1-2. The Model 8405A Vector Voltmeter (Figure 1-1) 
has a voltmeter and phasemeter for measuring the 
amplitude and phase relationship of the fundamental 
components of two RF voltages. The RF rangeis 1 to 
1000 MHz; the phase range is 0 to 360 degrees; and 
the amplitude ranges are from at least 1.5 millivolts 
to 1 volt rms for one channel, and 10 microvolts to 
1 volt rms for the other. 


1-3. Phase relationship is continuously displayed. 
Angles from 0 to 360° canbe measured and read 
directly from the zero-center meter with +0.1° 
resolution. 


Table 1-1. 


INPUT CHARACTERISTICS 


Instrument Type: Two-channel sampling RF milli- 
voltmeter-phasemeter which measures voltage of 
two signals and simultaneously displays the phase 
angle between the two signals. 


Frequency Range; 1 MHz to1 GHz in 21 overlapping 
octave bands (lowest band covers two octaves). 


Tuning: Automatic within each band. Automatic 
phase control (APC) circuit responds to the Chan- 
nel A inputsignal. Searchand lock time, approxi- 
mately 10 millisec. 


Voltage Range 

“Channel A: 
1 to 10’ MHz: 1.5 mV to 1 V rms. 
10 to 500 MHz: 300 uV tol Vrms. 
500 to 1000 MHz: 500 uV tol Vrms. 
Can be extended byafactor of 10 with 11576A 

10:1 Divider. 
Channel B: 100 pV to1V rmsfull scale (input 

to Channel A required); can be extended by a 
factor of 10 with 11576A 10:1 Divider. 


Input Impedance (nominal): 0.1 megohm shunted 
by approximately 2.5 pF; 1 megohm shunted by 
approximately 2 pF when 11576A 10:1 Divider is 
used; 0.1 megohm shunted by approximately 5 pF 
when 10216A Isolator is used. AC coupled. 


Isolation Between Channels: 
1 to 300 MHz: greater than 100 dB. 
300 to 1000 MHz: greater than 80 dB. 


Maximum AC Input: 2 V peak. 
Maximum DC Input: +50 V. 
VOLTMETER CHARACTERISTICS 


Meter Ranges: 100 uV to 1 V rms full scale in 
10-dB steps. Meter indicates amplitude of the 
input signal. 


Voltage Accuracy: When accessories are used on 
one or both probes. 


1-4. Absolute voltage amplitudes read separately can 
be measured to within +2% from 1 to 100 MHz, +6% 
from 100 to400 MHz and +12% from 400 to 1000 MHz. 
Relative voltage measurements can be made to within 
+2% (0.2 dB) of full scale on the -10 through -60 dB 
Amplitude Ranges. 


1-5. Outputs include an intermediate frequency (IF) 
output for each input, a voltage proportional to ampli- 
tude meter voltage reading and a voltage proportional 
to phase meter reading. The IF outputs are 20 kHz 
replicas of the RF input waveforms with the same 
amplitude and phase relationship. Complete specifi- 
cations of the Model 8405A are given in Table 1-1. 


Specifications 


+2% 
1-100 MHz} of full 
scale 


HP 11536A 16% 
502 Feed- : 100-300 of full 
through MHz 
Tee scale 
*x* 
300-1000 ee 
MHz scale 


HP 11576A +6% 
10:1 a 1-100 MHz} of full 
Divider scale 


+6% 
1-200 MHz} of full 
scale 


HP 10216A 
Isolator 


* After one-hour warmup. F 
** Above 300 mV and 800 MHz add +5%. 


Voltage Ratio Accuracy: 1-200 MHz. 
0.2 dB for -60 to 0 dB Ranges. 
0.5 dB for -70 dB and +10 dB Ranges. 


Voltage Ratio Accuracy: 200-1000 MHz. 
0.2 dB for -60 to -10 dB Ranges. 
0.5 dB for -70 dB and 0 dB Ranges. 
1.5 dB for +10 dB Range. 


Residual Noise: Less than 10 uV as indicated on 
the meter. 


Bandwidth: 1 kHz. 


Section I 


Model 8405A 


Table 1-1. Specifications (cont'd) 


PHASEME TER CHARACTERISTICS 


Phase Range: 360°, indicated on zero-center 
meter with end-scale ranges of +180, +18, and 
+6°. Meter indicates phase difference between 
the fundamental components of the input signals. 


Resolution: 0.1° at any phase angle. 
Meter Offset: +180° in 10° steps. 


Phase Accuracy: At single frequency 1.5° (equal 
voltage at Channel A and B). 


Phase Accuracy vs. Voltage: See table below. 


Phase Jitter vs. Channel B Input Level: 
Greater than 700 uV: Typically less than0.1° p-p. 
125 to 700 uv: Typically less than 0.5° p-p. 
20 to 125 uV: Typically less than 2° p-p. 


GENERAL 


20 kHz IF Output (each channel): Reconstructed 
signals, with 20 kHz fundamental components, 
having the same amplitude, waveform, and phase 
relationship as the input signals. Output imped- 
ance, 1000 ohms in series with 2000 pF; BNC 
female connectors. 


Recorder Output: 


Amplitude: 0 to +1 Vde +6% open circuit, propor- 
tional to voltmeter reading in volts. Output 
tracks meter reading within +0. 5% of full scale. 
Output impedance, 1000 ohms; BNC female 
connector. 


Phase: 0 to +0.5 Vdc +6%, proportional to phase- 
meter reading. External load greater than 
10,000 ohms affects recorder output and meter 
reading less than 1%. Output tracks meter read- 
ing within +1.5% end scale; BNC female 
connector. 


RFI: Conducted and radiated leakage limits are 

~ below those specified in MIL-I-6181D and MIL-I- 
16910C except for pulses emitted from probes. 
Spectral intensity of these pulses is approximately 
60 uw V/MHz; spectrum extends to approximately 
2 GHz. Pulse rate varies from .98 to 2 MHz. 


Option 02. Linear dB scale uppermost on 
~ voltmeter. 


Power: 115 or 230 V +10%, 50 to 400 Hz, 35 watts. 
Weight: Net, 30 lbs (13, 5 kg). 


Dimensions: 


NOTE 

_ DIMENSIONS IN INCHES AND (MILLIMETERS) 
EIA RACK HEIGHT (INCLUDING FILLER STRIP) 
FOR CABINET HEIGHT (INCLUDING FEET) AOD 
& (8) TO EIA RACK HEIGHT 


(B)REAR APRON RECESS 


19(483) 


-| 
| & 
REAR 
io] Ie 
See 


Phase Accuracy Vs. Voltage 


Frequenc 
Accessory d y 


HP 11536A 
50-Ohm Feed- 
through Tee 


HP 11576A 
10:1 Divider 


HP 10216A 


Isolator 


Voltage Range 
(MHz) Channel A 


1.5 mV to 300 mV 
300 uV to 300 mV 
500 1 V to 100 mV 


iL, By TeOAY [Hoy BAY 
1 mV to 3V 


1.5 mV to 300 mV 
300 1 V to 300 mV 


Voltage Range Phase* 
Channel B Accuracy 


100 nV to 300 mV 
100 nV to 300 mV 
100 wV to 100 mV 


1 mV to 3V 
1eimmalVE tors 


100 uV to 300 mV 
100 yw V to 300 mV 


“To be added to single-frequency accuracy (+1.5°) when the voltages at Channel A and B 
are not equal. 


PACKARD Transistor Parameter application 


HEWLETT (hp 
Z Mieasurements 77-1 


a) 


For more information, call your local HP Sales Office or East (201) 265-5000 * Midwest (312) 677-0400 * South (404) 436-6181 * West (213) 877-1282. Or, write: Hewlett-Packard, 1501 Page 
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INTRODUCTION 


An important step in analyzing and designing transistor 
circuits is to represent the device with a suitable 
equivalent circuit. For small signal AC analysis it 
is common practice to consider the transistor a 4 ter- 
minal "black box'' with the voltages and currents at 
the input and output terminals related bya set of 4 pa- 
rameters. The most useful sets of such parameters 
to date have beenthe h, y, and z parameters which are 
described in standard texts. 


There are 4 h, y, and z parameters for each of the 
three possible device configurations -- common emit- 
ter, common collector, and common base, making a 
total of 36 parameters. Some of the h, y, and z 


SECTION | 


DEFINITION & ADVANTAGES OF S PARAMETERS 


Figure 1(a) illustrates the transistor configuration used 
when defining s parameters. Common emitter con- 
nection is shown and similar parameters exist for 
common base or collector. 


Figure 1(b) represents the scattering parameters for 
the transistor using a signal flow graph*. Ej, and Ey} 
are the incident and reflected voltages at the input 
port while Ejg and Er2 are the voltages at the output 
port. The equations for the network are as follows: 


Er1 = 811 Ej1 + 812 Ej9 


Ey2 = 891 Ej, + Sag Ejo 


S11 = &, Achieved by connecting 
il generator to port 1 and 
matching port 2 as shown 
in Figure l(a 

ie rey ey SU See 


ie] 
ue) 
i) 
e3) 
pals 
ar 
| 
oO 


py) = Achieved by connecting 


generator to port 2 and 
matching port 1. 


Il 
oO 


Splint 
sabes ia Fil 


S11 is simply the reflection coefficient looking into 
port 1 with port 2 matched while s22 is the reflection 
coefficient of port 2 with port 1 matched. s21 and s12 
are transmissions parameters which represent gain 
or loss. In all cases s is a complex number, having 
both magnitude and phase. 


In keeping with the conventions used with h, y, and z 
parameters, s parameters are labeled with letter sub- 
scripts as shown in Figure 1(c). 


*Kuhn, Nicholas, ''Simplified Flow Graph Analysis," 
The Microwave Journal, November 1963, pp. 59-66. 
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parameters for a given transistor type are normally 
specified by the manufacturer, depending on the in- 
tended applications. 


At frequencies above 100 MHz, h, y, andz parameters 
become increasingly difficult to measure because itis 
difficult to obtain good short and open circuits and be- 
cause short circuits frequently cause the device to 
oscillate. However, it is possible torepresent a tran- 
sistor with a slightly different set of parameters, the 
"s" or scattering parameters, which can easily be 
measured up to 1 GHz withthe 8405A Vector Voltmeter 
and which can be directly applied to high frequency 
circuit design. This Application Note will describe 
the technique for measuring s parameters and will 
illustrate some simple applications. 


li a ar cal 


500 LINE | | 50M LINE 


ra 
= (a) = 


S21 
Siy S22 
Sj\2 


COMMON COMMON COMMON 
EMITTER BASE COLLECTOR 
S11 = Sie S11 = Sib S11 = Sic 
$21 = Sfe S21 = Sfb S21 = Sfc 
S22 = Soe $22 = Sob S22 = Soc 
512 = Sre 812 = Srb 812 - 8r¢ 


(c) 


Figure 1. Two port representation of a transistor. 
Figure 1(a) shows a schematic picture of an NPN 
transistor in common emitter configuration. Fig- 
ure 1(b) shows the equivalent 2 port scattering dia- 
gram. Figure 1(c) illustrates s parameter subscript 
notation. 


q 
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Advantages 


The measurement of h, y, or z parameters requires 
the input and output of the device to be successively 
open circuited and short circuited. This is difficult 
to do at high frequencies and typically requires a sep- 
arate adjustment of tuning stubs for each frequency. 
Furthermore, shorting the input or output may cause 
the transistor to oscillate, making the measurement 
very difficult. With the 8405A, the measurement of s 
parameters isvery simple over a wide frequency range 
after initial setup. Furthermore, since the parameters 
are measured with a 50 ohm load, there is much less 
chance for oscillations to occur. An additional ad- 
vantage is that since s parameters are in units of re- 
flection coefficient, they can be plotted directly onthe 
Smith Chart and easily manipulated to establish opti- 
mum gain with matching networks. If h, y, or z pa- 
rameters are required for a particular application, 
they canbe obtained directly from the measured s pa- 
rameters with appropriate conversionformulas. Sim- 
ilar conversions can be made to translate h, y, and z 
parameters into s parameters. The conversion for- 
mulas are given in Appendix I. Because of the ease 
of measurement, it may often be simpler to measure 
Ss parameters eventhough h, y, and z parameters are 
the desired end result. 


Ap 8405A 
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SECTION Il 
S PARAMETER MEASUREMENT TECHNIQUE 


A block diagram of atypical s parameter measurement 
setup is illustrated in Figure 2. The basic procedure 
for measuring sj j and s99 is to measure the ampli- 
tude ratio and phase angle between the incident and re- 
flected voltages with probe B in the By position. sj 1 
is measured with the jig in the forward direction and 
s22 with the jig reversed. sj 92 and s9j, the trans- 
mitted signals, are measured with the B probe in the 
Bg position with s2{ resulting with the jig reversed. 


Initial Calibration 


For all s parameter measurements, it is important to 
set the electrical length of the signal path from the 
input of the first coupler to the A probe exactly the 
same as that to the B probe. This insures 0° phase 
shift between the two probes and eliminates the need 
for recalibration as frequency is changed. With probe 
B inthe By position this is accomplished with a shorted 
section and with probe B in the Bg position with a 
through section. The short and through sections are 


TRANSISTOR JIC 
DETAIL 


500 BIAS #2 
LOAD 
TEE 
| SHORTED 
LINE ; SECTION 
STRETCHER 
BIAS # | | Bi THRU SECTION | 82 502 


= 


B 
rc 
=) 
= 
oo 


500 
SIGNAL SOURCE DUAL DIRECTIONAL DUAL DIRECTIONAL LOAD 
COUPLER BIAS #2 COUPLER Ap 308A 
Ap 1140/7750 TRANSISTOR JIG Ap 1740/775D 


Figure 2. 


Block diagram of a typical s parameter measurement system. The through section and shorted sec- 


®) 


tion are used for calibration as described in the text. The transistor jig is shown in the forward direction as 
used in measuring sj1 and s21. The element for bias can be a commercial monitor tee such as a Microlab 
HW-02N (50 - 500 MHz) or HW-08N (350 - 1000 MHz). An appropriate line stretcher is aGeneral Radio 874-LK20L. 
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Figure 3. Shorted section, through section and typical 
transistor jig for s parameter measurement setup. 
A transistor jig for the TO-18 package, common 
emitter, is available as specification number 
K02-8405A. A through section, K03-8405A, and 
shorted section, K04-8405A are also available. 
Prices on request. 


similar to the transistor jig. Figure 3 illustrates a 
typical transistor jig, shorted section and through 
section. 


To set the distance to A equal to the distance to By, 
place the shorted section in position as shown in Fig- 
ure 2. Place probe B at Bj, apply an RF signal ata 
convenient level and adjust the line stretcher for 180°, 
the phase shift introduced by the short. Optimize the 
line stretcher position by checking phase over the fre- 
quency range of interest and centering the deviations 
from 180°. Place the through section in position and 
check for 0° phase shift with probe Binthe Bg position. 
If the shorted section is exactly half the length of the 
through section and the couplers are identical, no ad- 
justment should be necessary. 


Measurement Technique 


To measure sj] insert the transistor in the jig, place 
the jig inthe forward position and set bias #1 and bias 
#2 to the desired levels. Set the RF voltage at a con- 
venient level (-30 dBm or less for most RF transis- 
tors) and measure the voltage at Channel A, the volt- 
age at Channel B, and the phase angle ¢?. Then sj4= 
B 


x #. Ratio measurements are simplified if A is set 
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to unity -- 1 mV, 10 mV, etc. s22 is measured by 
reversing the jig and the de bias connections. s2] can 
thenbe measured with probe B at Bg and the jig inthe 
forward position. Finally, by again reversing the jig 
and bias connections we can measure sj{Q. Ateachstep, 
s would normally be measured at several frequencies. 


Frequency Range of Measurement 


Frequency range for the 774D is 215 to 450 MHz and 
for the 775D from 450 to 940 MHz, while the 8405A 
operates from 1 MHz to 1 GHz. Tests on several 
typical 774D's indicate that they are useable down to 
100 MHz when the power in the main arm is -30dBm. 
The nominal coupling coefficient is 20 dB in band and 
falls off at approximately 6 dB per octave below 
215 MHz. Coupling tracking and phase tracking be- 
tween auxiliary arms is quite good as the frequency is 
reduced so that the lower frequency limit is primarily 
due to the sensitivity of the 8405. The nominal max- 
imum upper frequency is 1 GHz although useable meas - 
urements can be made to 1.1 GHz on most 8405A's. 


Typical Values 


s parameter measurements have been made on a num- 
ber of popular RF transistors using the setup shown 
in Figure 2. The significance of sj1 and s22 can easily 
be observed by plotting measured values on the Smith 
Chart. In Figure 4 sj j for a typical RF transistor is 
shown over the range from 100 MHz to 1200 MHz. 
Values of s11, the input reflection coefficient, are 
entered by using the radial scale for magnitude and 
the polar coordinate scale for phase angle. Normalized 
input impedance of the device with output terminated 
in 50 ohms can then be read on the R and j X scales. 
Notice that at lower frequencies the overall input im- 
pedance is capacitive and that as the frequency is 
increased, inductive elements, primarily due to lead 
lengths, predominate. Figure 5 illustrates the be- 
havior of s99 for the same transistor. In Section III 
we willdiscuss the use of Smith Chart plots of s,1 and 
s22 in matching the input and output of the device for 
optimum circuit performance. 


The s21 parameter indicates the basic forward gain of 
the device and is thus analogous to hg1. One useful 
way to plotting s is illustrated in Figure 6. From 100 
to 1200 MHz the magnitude s91 for the measured tran- 
sistor falls off at the expected rate of approximately 
6 dB per octave. Measurements on a large number of 
transistors indicate that |sfe| is approximately equal 
to |hge| (an exact conversion is given in Appendix I). 
Thus ft, the frequency for which |h¢g| = 1, is approx- 
imately equal to fgg, the frequency for which sf, = 1. 
When using h parameters hfe is often measured at a 
relatively lowfrequency such as 100 MHz and f; com- 
puted by extrapolation. Using the s parameter ap- 
proach, the behavior of sfe can easily be explored over 
a wide frequency range and fge measured directly. 


Still another useful way of exploring s921 is to observe 
its behavior at a given frequency as bias levels are 


({) 
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® ) Figure 4. sje for a Fairchild 2N3563 Plotted from 100 MHz to 1200 MHz. Vee = 10 V, Ig = 5mA. 
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Figure 5. Soe for a Fairchild 2N3563 Plotted from 100 MHz to 1000 MHz. Voe = 10 V, Ic = 5 mA. 
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Figure 6. ISfe|2 vs frequency, RCA 2N857, grounded Figure 7. Iste|2 vs I, at 450 MHz, 
emitter. Vee = 6V, Ig = 10 mA, f~ = 1000 MHz. Fairchild 2N3463, grounded emitter. 
fe} 
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Figure 8. Magnitude and phase of sj9 and sg; shown over the range from 100 MHz to 1200 MHz. 
Texas Instruments XS12, grounded emitter, Vee = 10 V, Ip = 50 mA. 
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changed. Figure 7 illustrates the variation in | sfe|2 
with collector current for various values of Veh for a 
typical transistor operating at 450 MHz. This type of 
presentation can alsobe used to illustrate the variation 
of fse with bias conditions. 


The s{2 parameter is proportional to the reverse power 
gain of the device, s12 typically increases with fre- 
quency while s21 decreases, so that |s21 S12] is ap- 
proximately constant. For the transistor shown in 
Figure 7 the following results were obtained: 


a ee 
450 MHz i700 0.17 
1000 MHz 0.84 | 0.14 0.12 


Figures 6 and 7 and the above table show magnitude 
information only for s12 and s9j. Figure 8 illustrates 
both magnitude and phase of s12 and sg, for another 
transistor from 100 MHz to 1000 MHz. This presen- 
tation would be particularly useful if the device is to 
be operated with 50 ohm source and load. 


If |s1Q| is sufficiently smalla simplified approach can 
be used to analyze the performance of the transistor 
with various loads and generator impedances. This 
technique is described in Section III. 


Measurement Accuracy 


The system shown in Figure 2 will give adequate ac- 
curacy for most circuit design applications. We will 
not attempt a complete error analysis in this Note but 
will simply point out the major sources of error and 
describe a few methods for achieving better accuracy. 


Ideally, we would like the magnitude and phase of the sig 
nal delivered to probe A tobe directly proportional to 
the incident voltage and the signal delivered to probe B 
proportional to the reflected or transmitted voltage. The 
accuracy of the measurement would then depend only on 
the 8405A. However, impedance mismatches between 
the elements inthe system, coupler directivity, andvar- 
iations in coupling coefficient tracking result in de- 
viations from the ideal system. Mismatch errors can 
be minimized by selecting low SWR elements such as 
the 774D Directional Coupler and the 908A 50 ohm load 
and by careful design of the transistor jig. Coupler 
directivity should be as high as possible. Directivity 
of 40 dB will result in a maximum error of approxi- 
mately 2% and 1°. Mismatch and directivity errors 
can be "tuned out'’ at a specific frequency if extreme 


Ris af- 
fected by the coupling factor of the auxiliary arm of the 
coupler. The coupling factor for the 774D and 775D 
is nominally 20 dB. Actual coupling factor for each 


auxiliary arm at 5 frequencies stamped on each 774D 
and 775D candiffer from nominal by as muchas +1 dB, 


precision is required. The measurement of 


resulting in a possible +1 dB error in measuring] >| 


or |s|. This error can be corrected by using the data 
printed on the couplers or by plotting coupling curves 
using the 8405A and the shorted and through sections. 
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Instead of applying a correction to each measurement 
we have found the following procedure more convenient: 


1. Set up the equipment as shown in Figure 2 with 
the shorted section in place. 


2. Apply sufficient RF power to establish a reference 
level on Channel A such as 0 dBm. 


3. Measure the power level at Channel B at 5 or 6 
frequencies across the band keeping the power 
at A constant. 


Typical data is shown in Table 1. 


Table 1. Coupling Tracking - 775D 


215 MHz 0 dBm 
250 0 
300 
400 
450 


0 
0 
0 


4, Adjust the gain of the B channel with gain control 
A18R11 to correct for the mean deviation meas- 
ured. In the example given the gain would be 
reduced by 0.5 dB. 


5. Inthe actual measurement the voltage at Channel 
A is then held at unity (i.e., 1 mV, 10 mV, etc.) 
and the voltage at B yields ratio directly. For 
the coupler shownin Table 1 the maximum error 
would be +0.3 dB. Measurements on a sample 
of 774D's and 775D's indicate coupler tracking 
is typically within +0.4 dB. 


SECTION Ill 
USE OF S PARAMETERS IN CIRCUIT DESIGN 


Once the s parameters for a device have been meas- 
ured, they can easily be used to determine overall 
gain with various source and load impedances. In ad- 
dition, it is possible to establish source and load im- 
pedances which insure stability. Because s param- 
eters can quickly be measured over a wide frequency 
range, broadband design is direct and simple. In this 
section we will explore the s parameter design approach 
for the important case where sj2 is small. A deri- 
vation of the formulas used here and in Appendix II 
along with a more complete analysis of s parameter 
design is given in the following paper: 


Bodway, George E., ''Two Port Power Flow 
Analysis of Linear Active Circuits Using the 
Generalized Scattering Parameters." Copies 
available on request. 
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When sj1Q2 is small (see Appendix II for an evaluation 
of s{2) maximum gain is achieved when the input and 
output of the device are terminated in impedances 
which are the complex conjugate of s11 and s22 re- 
spectively. If r, isthe generator reflection coefficient 
and rg is the load reflection coefficient, maximum 
gain occurs when ry, = s41* and rg = S99*. The gain, 
Gmax is given by the following expression: 


js21/? 
(1 - |s11]2) (1 - |s22/2) 


This can be considered the product of three factors: 


(1) Gmax = 


(2) Gmax = |sq1|2 x ; eh a a 
(1 - |sga/4) 


(1 - |s4112) 


Go (dB) + G1 (dB) + G2 (dB) 


Where G, is the forward power gain with the input and 
output terminated in 50 ohms, Gy is the additional 
power gain (or loss) resulting from the impedance 
match between the device and the generator and G9 is 
the additional power gain (or loss) due to the match 
between output and load. For any arbitrary source 
and load impedance the actual gain can be determined 
by graphical construction on the Smith Chart as follows: 


The general expressions for Gj and Gg are: 


z 2 = 2 
(3) Gy aiioue ist E Go = eee 
1 eta S11| | =I'9 s29| 


Where ry and Io are the reflection coefficients of the 
load and generator with 


Zg - Zo 
Zg + Zo 


Zi, - Zo 
Zy,+ Zo 


(4) ry = ro = 


G, and Gg are 0 dB with 50 ohm source and load. They 
are a maximum for conjugate source and load. Once 
S{1 is measured, we can select a value for Gj, and 
solve for values of rj. The results plot as a circle of 
constant gain on the Smith Chart. The center of the 
circle lies on a line from the center of the Smith Chart 
passing through s,;*. The radius of the circle, Pop 
and the distance from the center of the circle to the 
center of the Smith Chart, ro1, are found by first de- 
fining a normalized gain" gj where 


Gi 2 
(5) = =eGa (tei ) 
81 Cine 1 1S44| 
then 
(ere g1 1814 
1 - |sy4/2 (1 - gy) 
_ (1 - gy)2/2 (1-184 41) 
Pe f 11 


1 - |sy4|2 (1 - 81) 
Example 1: Single Frequency Measurement at 500 MHz 


2 


S11 = 0.70/-90° |so4| 


Il 
ll 


s99 = 0.70/-90° S49 = negligible 
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s94|2 4 
Gmax = 21| = 


= 16 (12 dB) 
(1-|s74| 2) (1 - [so9|2) «1/2 x 1/2 
G, =4= 6dB 
Gimax = 2 = 3¢B 
G2max = 7 = 3} ole 
12 dB 


1) es ae] Ol 7 


1 - 1/2)1/2 (1 = 1/2 
th ese 


We obtain the 0 dB gain circle which passes through 
the origin(Z, = 509) as expected. By assuming other 
values for Gy a family of constant gain circles is ob- 
tained as shown in Figure 8. Since, in our simple 
example we assumed sj1j = S22, the same family of 
gain circles applies to the device output. The values 
of ry and rg for maximum gainat 500 MHz are simply 
Ss11* and s99* or 0.70490°. This indicates a gener- 
ator and load impedance for conjugate match of (0.35 + 
jO.95) x 50 = 17.5 + j47.5&. A lossless matching net- 
work can now be inserted between a 50 ohm generator 
and the device and a similar network between the de- 
vice and a 50 ohm load to achieve maximum gain. If 
for reasons such as optimum device noise performance 
or other circuit considerations a gain other than Gmax 
is desired, the constant gain circle giving possible 
matching impedances can be determined directly from 
Figure 9. The actual impedance of an experimental 
matching network can quickly be verified by inserting 
it in place of the transistor jig using the measuring 
setup shown in Figure 2. 


Example 2: Broadband Design 


A common objective for the circuit designer is to de- 
velop an amplifier having constant gain over a broad 
frequency range. Letus assume that we wish to oper- 
ate the device from Example 1 at constant gain from 
250 MHz to 500 MHz: 


At 250 MHz 
S11 = 0.87/-50° |so4| = 2.5 
s22 = 0.87/-50° S19 = negligible 


We proceed by constructing a second set of constant 
gain circles and obtain the plot shown in Figure 10. 


At 500 MHz 
Gmax = Go 4B + Gjmax 4B + Gomax dB 
= 6dB + 3dB + 3 dB = 12 dB 
At 250 MHz 


G'max = 8dB+ 6 dB + 6 dB = 20 dB 


Since we assumed sj = S22 at both frequencies, the 
sets of constant gain circles apply both to input and 


() 
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output of the device. We can now select a set of loss- 
less matching elements for input and output which will 
conjugate match a 50 ohm source and load for maximum 
gain at 500 MHz and will lie on the 2 dB gain circles 
at 250 MHz so that the overall gain is 12 dB at both 
frequencies. Potential matching elements can be ana- 
lyzed on the Smith Chart by following circles of con- 
stant impedance and constant conductance until a 
suitable combination is found. Checks would normally 
be made at one or two intermediate frequencies to 
verify broadband constant gain. 


Example 3: Stability 


If either s,1 or S99 is greater than one, the device is 
potentially unstable and may oscillate under certain 
conditions of generator or load impedance. A very 
powerful aspect of the s parameter approach is that 
such values can normally be measured using the same 
setup as before. The Smith Chart can again be used 
to determine gain for various loads and generators 
and, in addition, can illustrate values that will result 
in instability. Again a simple example will be used 
to illustrate the technique: 


831 = 2.2/153° = -2 ji 


Z 11, the input impedance with the output terminated 
in 50 ohms is then: 


en 
x5 


SS 


SRK 
a ; a8. 
Ao oe renege 
Soo eee et 
Sane | 
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If we plot on the Smith Chart 


1 1 : 
kp) Pea BIbGeee oeee 153 


It turns out that Z11 canbe read directly by interpreting 
the resistance coordinate as negative resistance and 
the reactive coordinate in the normal way. 


eter 24 


From) Hquatlons| 3) maces = 
ld - ry 8y3/7 


and we can see that for ry = 1/s11 the gain goes to 
infinity, indicating unstable operation. Various values 
for Gj can be selected and constant gain circles again 
plotted as in Examples 1 and 2 using the point 1/s11 
as a reference. This is shown in Figure 11. Gain for 
different values of ry is indicated by the gain circles. 
The shaded portion of the chart indicates the unstable 
area. This can be seen intuitively by noting that when- 
ever the real part of z, is less than 0.4, the total re- 
sistance around the input loop is negative. We have 
explored the case for |sj14|>1. The same approach 
can be applied to |s99|>1. 


When |sj4|>1or |sgQ| >1 it turns out that the s param- 
eters are much more convenient to measure than h, 
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Figure 11. Set of constant gain circles in the rj plane for Example 3, |sj1j|>1. 
Shaded area of the Smith Chart indicates values for rj which result in unstable operation. 
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y, or z parameters. For the s parameter measure- 
ment, the input and output are terminated in 50 ohms 
over a large frequency range. Thus, as long as the 
negative real part of the series equivalent input or out- 
put impedance of the device does not exceed 50 ohms, 
the total loop resistance is positive and the device will 
not oscillate. 


For h, y, and z measurements, the transistor is ter- 
minated witha short or open circuit. This is normally 
achieved at the plane of the device at a fixed frequency 
with a tuning stub. There is often some other fre- 
quency, then, at which the combination of the stub and 
the device will oscillate. While such oscillations can 
be surpressed, the measurement takes more time and 
corrections must be made to the readings. 
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CONCLUSIONS 


As transistor circuits are used at increasingly higher 
frequencies, the need for a new method for small sig- 
nal analysis has become critical. The use of s param- 
eters appears to hold great promise for fulfilling this 
need since they are so convenient to apply to devices 
in transmission line applications. With the 8405A 
Vector Voltmeter s parameters are measured in a di- 
rect and simple manner. The s parameter approach 
has already been applied on several Hewlett-Packard 
R and D projects and has yielded considerable savings 
in designtime. A number of transistor manufacturers 
are experimenting with s parameter measurements at 
the present time. Within the near future we expect to 
see increasing use of s parameters and expect them 
to appear on many RF device specification sheets. 
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: 2812 
“12 ~ (1-844) (i - $29) - $12 $21 


= 2821 
721 ~ (1-844) (I - 899) - 842 S21 


tp = ee) (is 1) s12'821 
(1 = 511) @ - 822) - 512 s21 


By ites9 9) Nes flak S115 21 
DLL §(f 9877) le so) 812821 


i -2812 
Y12 ~ (1+ 814) (1 + 822) - 812 $21 


-289 
Y21 ~ (1+ 841) (1+ eo - $12 $21 


ere (ls11) (0 = 822) + 812 S21 
22 ~ (1+ sag) (1+ 841) - $12 821 


hia = (b+ Si) + 822) = $12 821 
11 © (1-843) 0 + s99) + 812 S91 


2812 
h = 
12 ~ (1 = sy) (1 + SgQ) + $42 S21 


-2S 
h PAL a 
21 ~ (1 - 844) (1 + 822) + 812 $21 


(1 - sg2) (1 - s11) - $12 $21 


h22 = (1 = S11) (i S99) + $19 $91 
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NOTE 


Appl. Note 77-1 


h, yand z parameters listed above are allnormalized to Zo. 
If h', y' and z' are the actual parameters, conversion is 


obtained as follows: 


Z41 = 244% 2 gal 


N 
art 
i) 

| 


— 219 Rai Viz 
= 291 %Lig xo 


Z99 = Z99X Zo y22 


- 


Sues 
fo) 


_ 
bo 


Il 


< N 
bo 
a 


| 


N 
io) 


<< 
DO 
bo 


N 
fo) 


hyy' = hy x Zo 


hy2' = hy 
hoi’ = hay 

peng? 
pe ae 


APPENDIX Il 


h | 


The "'smallness" of sj2 can be evaluated by using the 
following expression which is developed in the paper 
by George Bodway referred to in the Introduction. 


2 
1 2 Is21 ltrue < t 
Rae bolivia 1 Be 
where 
2 
|S21'ltrue = True overall gain 
eo iie eee = "Unilateral" gain or gain calcu- 


lated assuring sj9 = 0. 


5952-0915 


and 


r17r2 $12 821 


** (= 41 811) (1 - 19 829 


For the transistor shown in Figure 5 and 6, with con- 
jugate match at input and output: 


At 250 MHz: x = 0.05 
Unilateral Gain = True gain + .4 dB 


At 500 MHz: x = 0.07 
Unilateral Gain = True gain + .6 dB 


Printed in U.S.A. 
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1-6. ACCESSORIES FURNISHED. 


1-7. A detachable power cable, a rack-mounting kit 
with mounting hardware and several probe acces- 
sories are supplied with the Model 8405A. The probe 
accessories consist of two isolators, two voltage 
dividers, grounding clips, replacement probe tips 
and wrench, and probe to BNC adapters. 


1-8. ISOLATOR. The HP 10216A Isolators attach to 
the input probes and eliminate the effect of test point 
impedance. 


1-9. DIVIDER. The HP11576A 10:1 voltage dividers 
attach to the input probes to increase the maximum 
input voltage limitto 10 volts rms. The dividers also 
eliminate the effect of test point impedance. 


1-10. GROUNDINGCLIPS. The grounding clips fasten 
to the dividers and isolators near the probe tip for 
grounding close to the measuring point. 


1-11. PROBE TIPS. The probe tips are screw-in 
replacements for the probe points. 


1-12. PROBE-TO-BNC ADAPTER. The HP 10218A 
adapter converts the probe tip toa male BNC 
connector. 


1-13. ACCESSORIES AVAILABLE. 


1-14. PROBE-TO-MICRODOT ADAPTER. Two ver- 
sions are available: one converts the probe tip toa 
Microdot screw-on connector, the other converts the 
tip to a Microdot push-on connector. The adapters 
are available under accessory numbers 10220A 
(screw-on version) and 10223A (push-on style). 


1-15. FIFTY OHM TEE, This connector is specially 
designed to match the impedance of the Model 8405 
probe to permit monitoring signalsin a 50-ohmtrans- 
mission line. The line section has type N connectors 
and probe coupling is by means ofapush-style friction 
connector. The tee is available under accessory 
number 11536A. 


1-16. ACCESSORY CASE. The accessory case, with 
two compartmented sections, provides convenient 
storage for accessories andis available under acces- 
sory number 11570-60001. 
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1-17. ACCESSORY KIT. A kit of accessories and 
adapters is available under accessory number 11570A. 
The kit contents are listed in the following table. 


HP Part 
D 
ee escription Nien 


90-ohm tee, type N to probe 11536A 
11549A 
908A 


11512A 


11570- 
60001 


Power splitter, type N 


90-ohm termination, type N 


Shorting plug, type N 


Accessory Case 


1-18. The items listed as part of the Accessory Kit 
are also available separately. Order by the HP part 
number given in the Table. 


1-19. INSTRUMENT COVERED BY MANUAL. 


1-20. This manual applies directly to instruments 
having serial numbers prefixed 838 (first three 
numbers of serial number). If the serial prefix of 
your instrument is other than 838, there are differ- 
ences between the instrument described inthis manual 
and yourinstrument. These differences are described 
in the appendix at the rear of this manual or ina 
Manual Changes sheet supplied with this manual. If 
the manual changes sheet is missing, the information 
can be supplied by your nearest Hewlett-Packard 
Sales and Service Office (see lists at the rear of this 
manual). The manual changes sheet may also include 
an "ERRATA" section which describes manual cor- 
rection information which applies to the manual for all 
instruments INCLUDING instruments prefixed 838, 


1-21. INSTRUMENT OPTIONS. 


1-22. OPTION 02. Model 8405A furnished with the 
normally installed AMPLITUDE meter replaced with 
a Special logarithmic meter. This special meter has 
a linear dB scale which is uppermost on meter face. 
Meter scale is about 12 dB with a calibrated accuracy 
of +0.2 dB. 
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NOTE <eo> 
% PART OF RACK MOUNTING KIT ERR TILT STAND 
ea 


hp 5060-0776 Ap \490-0030 % 
BIECER. oh 
hp 5040-0164 


PLASTIC 
© FOOT 
7 1Ai- hp 5060-0767 


* 
RACK MOUNTING 
FLANGE 
hp 5020-0710 
(LH) 


RETAINING SCREWS 


8-32X7/I6 IN. = 
hp 2510-0038 ; 
acd ee J r 
wa Me ¥ ; 
Wa ies 
we Were 
Al Ss %* 
TRIM STRIP oe RACK MOUNTING 
(ADHESIVE BACK) FLANGE 
hp 5000-0052 Ap sheras feral 


Figure 2-1. Preparation for Rack Mounting 


INSTRUCTIONS 


REMOVES TICIRSTAND;, PCASTICCEEES 
AND TRIM STRIPS. 


. ATTACH FILLER STRIP AND RACK 
MOUNTING FLANGES, KEEPING LARGE 
NOTCH ON FLANGES TO INSTRUMENT 
BOTTOM. 
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SECTION Il 
INSTALLATION 


2-1. UNPACKING AND INSPECTION. 


2-2. The Vector Voltmeter was carefully inspected, 
mechanically and electrically, prior to shipment. In- 
spect it for mechanical damage incurred in transit, 
check for supplied accessories, and test electrical 
performance. If there is damage or deficiency notify 
the carrier and the nearest Hewlett-Packard office 
(HP offices are listed at the rear of this manual). In 
the event of mechanical damage, the packing materials 
and carton should be held for carrier's inspection. 


2-3. PREPARATION FOR USE. 
2-4. POWER REQUIREMENTS. 


2-5. The Vector Voltmeter requires a power source 
of 115 or 230 volts ac +10%, 50 to 400 Hz, single phase, 
which can supply approximately 35 watts. 


2-6. 115/230 VOLT OPERATION. 


2-7. A rear panel two-position slide switch permits 
operationfrom either a 115- or230-volt power source. 
The number visible onthe switch indicates line voltage 
for which the instrument is connected. Adjacent to 
switch is correct line fuse rating for each line voltage. 


2-8. To prepare the Model 8405A for operation, po- 
sition the 115-230 volt switch so that the number visible 
on the slider corresponds to the available line voltage, 
and install a line fuse of correct rating. 


CAUTION 


To avoid damage to the instrument, before 
connecting the power cable, set the 115-230 
switch for the line voltage to be used. 


2-9. POWER CABLE. 


2-10. To protect operating personnel, the National 
Electrical Manufacturers' Association (NEMA) recom- 
mends that instrument panels and cabinets be grounded. 
Accordingly, the Vector Voltmeter is equipped with a 
three-conductor power cable which, when plugged into 
an appropriate receptacle, ground panel and cabinet. 
The offset pin of the three-prong connector is the 
ground pin. 


2-11. To preserve the protection feature when oper- 
ating the Vector Voltmeter from a two-contact outlet, 
use a three-prong to two-prong adapter (HP Stock No. 
1251-0048) and connect the green pigtail on the adapter 
to ground. 


2-12. COOLING. 


2-13. The temperature of surrounding air must not 
exceed 55°C (131°F). Clearances for ventilation should 


be 3 to 4 inches at the rear of the cabinet and 2 to 3 
inches at the sides. The clearances provided by the 
plastic feet in bench stacking and the filler strips in 
rack mounting are adequate for the top and bottom cab- 
inet surfaces. 


2-14. BENCH OPERATION. 


2-15. The Model 8405A cabinet has plastic feet anda 
foldaway tilt stand for convenience in bench operation. 
The tilt stand permits inclining the instrument for ease 
in reading the meters. The plastic feet are shaped to 
provide clearance for aircirculation and to make full- 
width modular cabinet instruments such as the Vector 
Voltmeter self-aligning when stacked. 


2-16. RACK MOUNTING. 


2-17. Preparation for rack mounting is illustrated in 
Figure 2-1. All necessary hardware is included in the 
supplied rack mounting kit. 


2-18. REPACKAGING FOR SHIPMENT. 


2-19. USING ORIGINAL PACKAGING. The same con- 
tainers and materials used infactory packaging can be 
obtained through the Hewlett-Packard sales and service 
offices listed at the rear of this manual. 


2-20. If the Model 8405A is being returned to Hewlett- 
Packard for servicing attach a tag indicating the type 
of service required, return address, model number 
and full serial number. Also, mark the container 
FRAGILE to assure careful handling. 


2-21. In any correspondence refer to the instrument 
by model number and full serial number. 


2-22. USING OTHER PACKAGING. The following 
general instructions should be used for repackaging 
with commercially -available materials: 


a. Wrap the instrument in heavy paper or plastic. 
(If shipping to a Hewlett-Packard service office or 
center, attach a tag indicating the type of service re- 
quired, return address, model number, and full serial 
number. ) 


b. Use a Strong shipping container. A double-wall 
carton made of 350 pound test material is adequate. 


c. Use enough shock-absorbing material (3 to 4inch 
layer) around all sides of the instrument to provide 
firm cushion and prevent movement inside the con- 
tainer. Protect the control panel with cardboard. 


d. Seal the shipping container securely. 
e. Mark the shipping container FRAGILE to assure 
careful handling. 
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3-0 


INPUTS AND TUNING 
i 


VOLTMETER 


Model 8405A 


PHASEMETER 


) 8405A VECTOR VOLTMETER 
NEWLETT = PACKARD 


FREQ RANGE - MHz 


APC UNLJICKED 
FREQ RAI 


RMS. VOLTS 
4 6 


DECIBELS 
Taw Son 


DEGREES 
oO 


8 


AMPLITUDE 
v 


eeoeeeeneeeeoe 20888680 pA EM MGR le ehh Set 


Probe A. Input to channel A. The Voltmeter 
and Phasemeter tune to probe A input frequency. 


Probe B. Input tochannel B. A signal at probe 
A is required for phase measurement and for 
channel B amplitude measurement. 


LINE. Depresstoturn on 8405A; lamp lights. 
Pushbutton retainer unscrews for lamp 
replacement. 


AMPLITUDE Meter. Reads amplitude of 
fundamental component of signal applied to 
probe A or probe B. 


AMPLITUDE CHANNEL. 
be measured on voltmeter. 


Selects channel to 


AMPLITUDE RANGE. 
meter scale. 


Sets AMPLITUDE 


PHASE Meter. Reads phase angle between 
the fundamental components of signals applied 
to probes. 


Figure 3-1. 


PHASE RANGE. Set phase meter scale. Red 
ZERO control has at least +10° range. 


PHASE FINDER. Overrides PHASE RANGE 
and PHASE METEROFFSET to Select the +180 
phase range and zero offset. Used to find phase 
angle without changing settings of controls. 


PHASE METER OFFSET. Used to reduce input 
phase angle and allow use of expanded PHASE 
RANGE scales. Not usable unless a definite 
input angle exists. 


. APC UNLOCKED. Lamp lights to indicate 


8405A not tuned. Amplitude is too low and/or 
FREQ RANGE - MHZ selector is not set to the 
range which includes fundamental frequency of 
probe A input. 


FREQ RANGE - MHz. Coarse tuning control 
to put input signals within capture range of 
automatic fine tuning. Selected range must 
include fundamental frequency of signal applied 
to probe A. 


Probe Holder. 


Front Panel Features 


> 
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SECTION Ill 
OPERATING INSTRUCTIONS 


3-1. INTRODUCTION. 


3-2. The Model 8405A Vector Voltmeter isadirect- 
reading, two-channel, tuned millivoltmeter-phase- 
meter for measuring the amplitudes of and phase angle 
between the fundamental components of two radio fre- 
quency voltages. The radio frequency range is 1 to 
1000 MHz, the phase range is 360 degrees, and the 
amplitude ranges are from at least 1.5 millivolts to 
1 volt rms for reference channel A and from 100 
microvolts to 1 volt rms for channel B. Supplied di- 
viders extend the upper limit of the amplitude ranges. 


3-3. The Vector Voltmeter consists ofa phase- 
meter and ac voltmeter which have common inputs 
and tuning. The phasemeter continuously monitors 
the inputs while the Voltmeter is switched manually 
to read channel A or channel B. 


3-4. APPLICATIONS. 


3-5. Information regarding specific system and mea- 
surement usage is provided in the Hewlett-Packard 
Journal Vol. 17, No. 9, anda series of HP Applica- 
tion Notes numbered 77. Copies of this literature are 
available from your local sales and service office upon 
request (see offices listed at the rear of this manual). 


3-6. PANEL FEATURES. 
3-7. Front and rear panel features are described in 


Figures 3-1 and 3-2. Description numbers match the 
numbers on the illustration. 


3-8. OPERATING PROCEDURES. 


3-9. Figures 3-3 and 3-4 give step-by-step operating 
procedures. The steps of each procedure are num- 


bered, andthe illustrationis numbered to correspond. ' 


3-10. GENERAL OPERATING AND 
MEASUREMENT CONSIDERATIONS. 


3-11. INITIAL TURN-ON. 
a. Setrear-panel LINE switch to match line voltage. 


b. Check line fuse for rating beside number showing 
on LINE switch (1 amp 3AG for 115 Vac; 1/2 amp 
slo-blo 250V for 230 Vac). 


c. Connect power cable to line voltage. 

d. Press LINE button. The line button should glow 
indicating line power applied to instrument. 
3-12. INPUT PROBES. 
3-13. MECHANICAL FEATURES. 


a. Identifying rings: channel A, blue ring; chan- 
nel B, white ring. 


b. Metal parts: Since probes attach to accessory 
adapters by push-on friction couplings, metal parts 
must be clean and free of defects (i.e., burrs and 
gouges). Also, pointed tips must be aligned with long 
axis of probe so that tips are not broken when inserted 
in adapters. 


c. Storage and shipment: to protect probes, 
adapters such as the probe-to-BNC adapter should be 
left on when not in use. 


d. Tip replacement: Tips are removed by turning 
counterclockwise (use supplied accessory - HP Part 
No. 8710-0084, Nut Driver). Replacement tips should 
not be tightened excessively. Additional tips are 
available under HP Part No. 5020-0457. 


3-14. ELECTRICAL FEATURES. 


a. Probe burn-out: Maximum input is 1.4 volts 
rms and 2 volts peak; and +50 Vde to avoid probe 
burn-out. 


b. Interaction between channels: Do not connect 
both probes directly to same test point. For common 
connection, both probes can be fitted with Isolators 
(HP 10216A) or 10:1 Dividers (HP 11576A). 


c. Sensitivity; Minimum input to probe A is 
1.5 mV, 1-10 MHz; 300 pV, 10-500 MHz; and 500 LV, 
500-1000 MHz. For probe B minimum input is 10 pV 
for entire range (1-1000 MHz). 


3-15. INPUT SIGNALS. 


3-16. Phase and amplitude measurements can be 
made atany frequency between 1 and 1000 MHz. How- 
ever, the Vector Voltmeter is frequency selective and 
therefore must be tuned to input signals. Tuning is 
semi-automatic with manual coarse tuning and auto- 
matic fine tuning. The automatic function tunes both 
channels simultaneously to the channel A signal. 
Thus, channel A signal determines the frequency at 
which measurements are made. 


3-17. A condition for tuningis that channel A be large 
enough to trigger tuning. Minimum required channel 
A amplitude isfrequency dependentas follows: 1.5mV 
for 1-10 MHz, 300 uV for 10-500 MHz, and 500 uV 
for 500-1000 MHz. 


3-18. The Vector Voltmeter is a tuned device witha 
very narrow passband (+1 kHz) at the measurement 
frequency. Therefore, measurements canbe made on 
complex waveforms, and amplitude-modulated signals 
as well as sinusoidal signals. Pulse modulated sig- 
nals, however, cannot be measured as the 8405A 
cannot tune to an intermittent signal. 


NOTE 


With complex waveforms the 8405A tunes to 
the frequency of the component having the 
greatest amplitude in the tuning range 
selected. 
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20 KHZ1.F OUTPUT 
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+20V 0.5A 


-20V 0.5A 9 
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PHASE RECORDER OUTPUT. DC voltage pro- 
portional to phase meter reading. Zero volts 
corresponds to zero phase reading, +0.5 Vdc 
open circuit corresponds to full scale positive 
phase reading, -0.5 Vde corresponds to full 
scale negative phase reading regardless of 
phase range. 


20 KHZ I. F. OUTPUTB. IF replica of chan- 
nel B RF waveform. Amplitude is the same 
as the RF waveform, but the fundamental fre- 
quency is always 20 kHz. 


20 KHZ I. F. OUTPUT A. IF replica of chan- 
nel A RF waveform. Amplitude is the same 
as the RF waveform, but fundamental frequency 
is always 20 kHz. IF signals A and B have the 
same phase relationship as the RF signals. 


AMPLITUDE RECORDER OUTPUT. DC volt- 
age output proportional to voltage reading. 


Figure 3-2. 


10. 


Zero corresponds to zero volts, +1 Vdc open 
circuit corresponds to full scale reading re- 
gardless of amplitude range selected. 


Identification Plate. 


+20V Fuseholder. Fuse is overcurrent pro- 
tection for the internal +20 Vdc power supply. 


-20V Fuseholder. Fuse is overcurrent pro- 
tection for the internal -20 Vdc power supply. 


Power Cable Connector. 


LINE Voltage Switch. Permits operation from 
115 or 230 volt ac line. Number visible on 
slider is operating voltage. Adjacent number 
on panel is correct line fuse rating. 


LINE Fuseholder. Fuse should have rating 
adjacent to number visible on line switch slider. 


Rear Panel Features 
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CAUTION 


Do NOT burn out probes. Maximum input: 
+50 volts de or 2 volts peak (4 volts pp). 
Potential changes between test points 
should not exceed 50 volts dc to avoid 
transient pulses. Transient pulses 
greater than 50 V will burn out the probe. 
For this reason a blocking capacitor can- 
not be used in series with the probe to 
measure ac inacircuit with a dc potential 
of greater than 50 V. 


Connect equipment for calibration as shown 
above. Push LINE switch. Pushbutton should 
glow. 


Apply signal to RF INPUT. Set AMPLITUDE 
CHANNEL to A. 


Set FREQ. RANGE-MHz to include measure- 
mentfrequency. APC UNLOCKED light should 
go out showing that 8405A is tuned. 
NOTE: Channel Ainput must be atleast 1.5 mV 
(1-10 MHz); 300 pV (10-500 MHz); or 500 pV 
(500-1000 MHz). (Ifinput frequency is changed 
within FREQ RANGE selected, APC 
UNLOCKED may flash every 1.6 MHz. This 
is normal, 8405A is retuning.) 
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INPUT PAD 
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paemaie) 
x LOAD 


I1549A INSERT DEVICE 
POWER FOR TEST 
SPLITTER (AFTER CALIBRATION) 


Set PHASE RANGE to +180, PHASE METER 
OFFSET to 0, and adjust PHASE ZERO for 
zero phase meter reading. Switch RANGE to 
+6 and re-zero as necessary. 


Set AMPLITUDE CHANNEL to B and AMPLI- 
TUDE RANGE (to obtain on-scale voltmeter 
reading. Record reading. 


Insert device under test into circuit as shown 
above. Set AMPLITUDE RANGE to obtain on- 
scale voltmeter reading. Residual attenuation 
or gain of device is difference between re- 
corded reading of step 5 and voltmeter reading. 


Noting the PHASE Meter, push PHASE 
FINDER button. If meter needle goes to left (-) 
set METER OFFSET (red knob) to -; if to right 
(+) set METER OFFSET to+. Adjust METER 
OFFSET (black knob) for omscale reading. To 
obtain phase reading, add meter reading and 
offset switch setting. For example, if offset 
settingis +50, meter readingis -4 and RANGE 
is +6, then the actual angle is +46°. 


Figure 3-3. Transmission Line Measurements 
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CAUTION 


Do NOT burn out probes. Maximum input: 
+50 volts de or 2 volts peak (4 volts pp). 
Potential changes between test points 
should not exceed 50 volts dc to avoid 
transient pulses. Transient pulses 
greater than 50V will burn out the probe. 
For this reason a blocking capacitor 
cannot be used in series with the probe to 
measure ac inacircuit with a dc potential 
of greater than 50 V. 


Connect equipment as shown above. Push 
LINE button. Pushbutton should glow. 


Connect appropriate adapter (10:1 Divider or 
Isolator) to channel B probe. Insertchannel A 
probe in probe tee (11536A), with no adapter 
attached. NOTE: A probe adapter is NOT for 
use on a probe to be inserted in a probe tee 
(11536A). 


Connect ground clip (HP 10213-62102) to 
channel B probe adapter. 


CAUTION 


Make sure ground clips do not spring off 
causing short circuits. 


Apply signal to RF INPUT. Set AMPLITUDE 
CHANNEL to A. 


Set FREQ RANGE -MHz to range which includes 
measurement frequency. APC UNLOCKED 
light should go out. NOTE: Channel A input 
must be at least 1.5 mV (1-10 MHz); 300 pV 
(10-500 MHz); or 500 +V (500-1000 MHz). 


CIRCUIT UNDER TEST 
(SUCH AS 30HMz AMPLIFIER) 
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OUT/=)—_———> RF OUT 


Set PHASE RANGE to +180 and PHASE METER 
OFFSET to 0. Set AMPLITUDE CHANNEL 
Lome: 


CIRCUIT PROBING CAUTIONS. 


a. Always touch probe tip to circuit ground 
before and after touching any test point. 


b. With Isolator (HP 10216A): Maximum 
test point voltages are 2 volts peak (ac) and 
+50 volts (dc). 


c. With 10:1 Divider (HP 11576A): Maximum 
test point voltages are 15 volts peak (ac) 
and +50 volts (dc). 


d. To minimize stray capacitance effects, the 
metal barrel of the probe adapter must be 
connected to circuit ground as close to test 
point as possible (using furnished metal 
ground clip). 


Monitor circuit input by probing circuit with 
channel B probe. Using PHASE ZERO, 
adjust for convenient PHASE METER refer- 
ence. Record Phase and Amplitude Meter 
readings as references for all other circuit 
measurements. 


For other circuit measurements, do not change 
PHASE ZERO setting. Thus, all circuit phase 
measurements are relative to the reference 
made in step 8. 


Figure 3-4. In-Circuit Measurements 
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3-19. For amplitude measurement of one signal, the 
signal must be applied to probe A. [If the sensitivity 
of channel B is needed, a signal at the measurement 
frequency must be applied to channel A for 8405A 
tuning and the signal to be measured can be applied to 
channel B probe. 


3-20. IN-CIRCUIT MEASUREMENTS. 


3-21. PROBING IN CIRCUITS. The main consider- 
ations for measurements made by probing in circuits 
are the effects of the input impedance of the probe, 
the impedance of the circuit at the point of measure- 
ment, the injection of sampling signal by the probe, 
and the method of grounding the probe. 


3-22. CIRCUIT LOADING. 


3-23. Probe input impedance at the measurement fre- 
quency can load the circuit under test in a way that 
alters its performance and so produces erroneous 
readings. Theinputimpedance of a probeis 0.1 meg- 
ohm shunted by 2.5 picofarads. With 10:1 divider 
(HP 11576A) attached input impedance increases to 
1 megohm shunted by 2 picofarads. However, use of 
a divider reduces amplitude sensitivity by a factor of 
10, increases amplitude measurementerror, andadds 
phase error when used on one probe only. 


3-24. CIRCUIT IMPEDANCE. 


3-25. Variations in test point impedance from point 
to point influence the probes and can cause measure- 
menterrors. For instance, amplitude measurement 
error can be +0 to -2% with a test point impedance of 
25 to 1000 ohms. Phase measurement error will be 
less than +2° for test point impedance variations of 
from 0 to 50 ohms, and less than -9° for test point 
impedance variations of from 25to1000 ohms. These 
errors can be eliminated by the 10:1 divider or iso- 
lator probe accessories which are particularly effec- 
tive in fixed-frequency measurements where their 
own frequency-dependent error effects are nota 
consideration. 


3-26. SAMPLING SIGNAL. 


3-27. The signalfrom the probesis the same one that 
down-converts the input frequency to the frequency at 
which measurements are made. The signal consists 
of pulses 0.3 nanoseconds wide with a repetition rate 
between 0.98 and 2 MHz and amplitude determined by 
the bandwidth and impedance ofthe circuit under test. 
The actual pulse rate depends upon the frequency of the 
signal applied to probe A, butis stable at any given 
frequency. Into a 50-ohmimpedance, pulse amplitude 
is approximately 60 microvolts per megahertz of cir- 
cuit bandwidth to a maximum of about 2000 MHz. To 
prevent these signals from reaching and affecting the 
circuit-under-test, the 10:1 divider probe adapters 
should be used. 
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3-28. PROBE GROUNDING. 


3-29. The metal barrel at the tip of the probe or 
accessory if used should be connected to the ground of 
the circuit under test as close to the test point as 
possible. The supplied metal clips are for grounding 
the isolator and divider accessories. The standard 
probe does not require grounding. 


CAUTION 


Make sure ground clips do not spring off 
causing shortcircuit. Do NOT attempt to use 
these ground clips with the standard probes. 


3-30. COAXIAL MEASUREMENTS. 


3-31. For measurements in transmission lines the 
prime considerations are the discontinuities due to 
the probes and the signal injected by the probes. For 
monitoring signals in 50-ohm lines, the Model 11536A 
Tee is convenient. The signals from the probes are 
described in Paragraph 3-26. 


3-32. SWEPT-FREQUENCY OPERATION. 


3-33. Continuous phase and amplitude measurements 
can be made on Signals which change frequency with 
time provided that the rate of change does not exceed 
15 MHz/second and that the frequency remains within 
the automatic fine tuningrange. Asthe input frequency 
changes APC UNLOCKED flashes momentarily about 
every 1.6 MHz. Thisisa normal occurrence and 
does not produce any measurement uncertainty. Fixed 
frequency measurements at these frequencies have 
the same accuracy as measurements at any other 
frequency. Best operation is achieved sweeping down 
in frequency. 


3-34. ZERO-SETTING THE PHASEMETER. 


3-35. Use accessory isolators or dividers to prevent 
interaction between the probes. For in-circuit mea- 
surements (Figure 3-4) zero phase indication is ob- 
tained by placing the probes at the same point and 
adjusting PHASE ZERO. 


3-36. For measurements in 50-ohm transmission 
lines, to make zero adjustment independent of fre- 
quency an arrangement such as that shown in Fig- 
ure 3-3 can be used. This arrangement is typical of 
what might be used for a phase, residual attenuation 
or gain measurement. [If the electrical pathlengths 
between signal source and probe are equal, a zero 
adjustmentis unaffected by change of input frequency. 
Although standard components may be used to as- 
semble the two path arrangement, like components 
should be by the same maker and coupling should be 
done carefully. Small differences in the electrical 
lengths of the branches do not significantly affect zero 
accuracy at test frequencies below 500 MHz. For 
measurements above 500 MHz length differences can 
be detected by interchanging the probes after initial 
zeroing. Any change in phase reading indicates the 
branches do not have equal electrical length. This 
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condition can be corrected by component substitution 
or it can be compensated for in the zero adjustment. 
The purpose of the pads in Figure 3-3 is to reduce 
measurement errors caused by mismatch between the 
type N and probe tees. 


3-37. 20 kHz IF OUTPUTS. 


3-38. The rear-panel 20 kHz IF outputs A and B are 
replicas of the RF signals applied to probes A and B. 
The IF signals have the same waveform, amplitude 
(up to 1 volt rms), and phase relationship as the RF 
signals, but the fundamental frequency ofthe IF signal 
is always 20 kHz and the harmonics of the RF signal 
are corresponding harmonics of 20 kHz. Up to 
approximately the twelfth harmonic of the RF funda- 
mental can be reproduced in the IF signal, provided 
that the twelfth harmonic of the RF signal is within the 
frequency range of the Vector Voltmeter. 


3-39. The IF signalis obtained by a sampling process; 
therefore, the wave displayed by an oscilloscope con- 
sists of narrow, shallow steps which closely duplicate 
the RF waveform. The IF outputs can be used to dis- 
play RF waveforms with low frequency oscilloscopes 
and to make distortion measurements of RF signals 
with low frequency wave analyzers. 


3-40. USE OF SUPPLIED PROBE ACCESSORIES. 


3-41. MODEL11576A10:1 DIVIDER. The10:1 divider 
accessories decrease probe input sensitivity. The 
input impedance of the probe-divider combination is 
1 megohm shunted by 2 picofarads. Input sensitivity 
is decreased by a factor of 10. 
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3-42. The dividers can be used to measure voltages 
of increased amplitude, to effectively eliminate mea- 
surement errors due to variations in test point im- 
pedance, and to reduce the amplitude of the sampling 
signal from the probe. 


NOTE 


The 10:1 Divider and/or Isolator adapters 
are not for use in a Probe Tee, such as the 
HP 11536A, HP 11576A, or HP 11063A. 
These adapters are for use: (1) When 8405A 
probe is connected to a BNC, Type N, or any 
other common tee; (2) When 8405A probe is 
used for in-circuit-type measurements. 


3-43. MODEL 10216A ISOLATOR. The isolator 
accessories eliminate the effects of variations in test 
point impedance on measurement accuracy. An iso- 
lator adds no more than 3 picofarads to probe input 
capacitance. 


3-44. In addition to being used to isolate test point 
impedance from the probes, the isolators can be used 
to prevent interaction between the probes when they 
are applied to the same test point. 


3-45. GROUNDING CLIPS. The grounding clips are 
for use with the Divider and Isolator probe acces- 
sories. They clip onto the narrower metal barrel just 
behind the tip, and should be used to connect to circuit 
ground as near the test point as possible. 


3-46. MODEL 10218A BNC ADAPTER. BNC adapter 
converts probe tip to a conventional BNC male RF 
connector. 
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SECTION IV 
PRINCIPLES OF OPERATION 


4-1. GENERAL. 


4-2. The Vector Voltmeter converts two RF signals 
of the same fundamental frequency in the range from 
1 to 1000 MHz to two 20-kHz IF signals. The IF sig- 
nals retain the same amplitudes, waveforms, and 
phase relationship. Consequently, the fundamental 
components of the IF signals have the same amplitude 
and phase relationships asthe fundamental components 
of the RF signals. The IF signals are filteredand then 
measured by a voltmeter and a phasemeter. 


4-3. SIMPLIFIED BLOCK DIAGRAM 
DESCRIPTION. 


4-4. TheVector Voltmeter, shown simplified in Fig- 
ure 4-1, consists of a two-channel RF -to-IF converter, 
an ac voltmeter, and a phasemeter. 


4-5. RF-TO-IF CONVERTER. The converter 
changes two RF signals (VA and VRB) which have the 
same fundamental frequency to two IF signals with 20 
kHz fundamental frequencies. These IF signals have 
the same waveforms, amplitudes, andphase relation- 
ship (¢) as the RF signals. The 20 kHz sinusoidal 
fundamental components (VAR and Vppf)are extracted 
from the IF signalsby narrowband filters. These sin- 
usoids have the same amplitudes and phase relation- 
ship as the fundamental components of the RF input 
signals. 


4-6. VOLTMETER. The voltmeter, a conventional 


ac voltmeter, is switched manually to measure the 


amplitude of either IF sinusoid. 


4-7. PHASEMETER. Before application tothe phase- 
meter the 20 kHz sinusoids are amplified and clipped 
to remove amplitude difference and retain only the 
phase difference ¢. In the phasemeter the clipped 
sine waves Vc becometriggers spaced intime in pro- 
portion to the phase difference between sine waves 
VAF and Vpr. The triggers generate a square wave 
with symmetry proportional to the time between trig- 
gers and therefore the phase difference. This square 
wave controls the current that operates the phase 
meter. The average meter current is governed by the 
symmetry of the square wave; therefore, the meter in- 
dication is proportional tothe phase difference ¢. Thus 
the phasemeter measures the phase angle between the 
fundamental components of the RF input signals. 


4-8. RECORDER OUTPUTS. For external monitor- 
ing and recording a voltage proportional to the phase 
meter reading, a voltage proportional tothe amplitude 
meter readingin volts, and IF replicas of the input RF 
signals are available at separate rear-panel outputs. 


4-9. DETAILED BLOCK DIAGRAM 
DESCRIPTION. 


4-10. CIRCUIT SECTIONS. 


4-11. Figure 7-4 is a detailed overall block diagram 
of the Vector Voltmeter which includes the schematic 
location of circuit sections by page number. As shown 
in the diagram, there are five main circuit sections: 
identical channel A and channel B RF-to-IF Con- 
verters, an Automatic Phase Control Section, a Phase- 
meter, anda Voltmeter. 


4-12. The RF-to-IF Converters and the Automatic 
Phase Control section produce two 20 kHz sine waves 
which have the same amplitudes and phase relation- 
ship as the fundamental components of the RF signals 
applied to channels A and B. 


4-13. The Phasemeter section continuously monitors 
these two 20 kHz sine waves and provides ameter dis- 
play of the phase angle between them. The Voltmeter 
sectionis manually switched to channel Aor channel B 
20 kHz sine wave and provides a meter display of the 
amplitude. 


4-14. CIRCUIT DESCRIPTIONS. 


4-15. Detailed circuit descriptions are given in Fig- 
ures 7-6 through 7-18 of this manual. The descrip- 
tions are in the form of duplicate diagrams with word 
descriptions in place of circuits or circuit parts. Only 
those circuit sections which are not fully described on 
the diagrams are included in this section. 


4-16. THE RF-TO-IF CONVERTERS. 


4-17. As shown in Figure 4-2, the RF-to-IF conver- 
ters are the input sections of the Vector Voltmeter. 
The Converters change any two RF signals of the same 
fundamental frequency inthe rangefrom 1 to 1000 MHz 
to two 20 kHz sine waves with the same amplitudes 
and phase relationship as the fundamentai components 
of the RF signals. 


4-18. Channel A Converter is the same as channel B 
Converter. Each Converter consists of a sampler and 
a tuned amplifier. The sampler produces a 20 kHz 
waveform replica of the RF input waveform, and the 
tuned amplifier extracts the 20 kHz fundamental com- 
ponent from this waveform replica. 


4-19. SAMPLING. 


4-20. As used in the Vector Voltmeter, sampling is 
a time-stretching process with which a high frequency 
repetitive signal is duplicated at a much lower fre- 
quency. The low frequency signal is obtained by ac- 
cumulating amplitude samples taken from different 
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occurrences of, and at progressively later points on, FAST 


the high frequency waveform. The time taken to col- WAVEFORM 


lect enough samples to reconstruct a cycle of the high 
frequency signal is much longer than the period of one 
cycle of the sampled waveform. Thus, the high fre- 
quency waveform is time-stretched to alowfrequency 
waveform (Figure 4-3). 


4-21. SAMPLER. 


SAMPLE 


4-22. The sampler is the means of reconstructing a REPRODUCTION TIME 
fast waveform on a much longer time base. Very 
simply, the sampler is an electronic switch between Figure 4-3. Fast Waveform Reproduced on 


the fast waveform and an input capacitor as shown in 


Slower Time Base by Sampling 
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SAMPLER OUTPUT 


Figure 4-4. Simplified Diagram of a Sampler 


Figure 4-4. Each time the switchis closed the capac- 
itor charges tothe voltage of the input signal and holds 
this voltage until the switch closes again. With ap- 
propriate timing of the switchthe voltage onthe capac- 
itor reconstructs the sampled waveform with a series 
of steps. In this way a cycle of the fast waveform is 
reproduced in whatever the interval needed to collect 
enough samples to make a faithful reproduction. In 
the Vector Voltmeter the switch is electronic andcon- 
trolled by very short duration pulses. These pulses 
close the switch for sucha short time that the storage 
capacitor does not fully charge to the voltage of the in- 
put signal. Between pulses afeedback circuit supplies 
enough charge to make the stored voltage equal the 
input signal voltage. 


4-23. One sampler is in each input channel. The 
sampling switches, or gates, are operated by pulses 
from the same source; therefore, samples are taken 
at the same instant in eachchannel, and the phase re- 
lationship of the input signals is preserved in the IF 
Signals. 


4-24. CIRCUIT DESCRIPTION. 


4-25. There are two identical samplers, one at the 
input to eachchannel. The circuits of channel A samp- 
ler are on assemblies A1A1 and A3, and the circuits 
of channel B sampler are on assemblies A2Aland A4. 
Assemblies A1Al1 and A2A1 are housed in the input 
probes of channels A and B, respectively. (See 
Figure 7-6. ) 


4-26. As shown inthe simplified diagram of Figure 
4-2, each sampler consists of a sampling gate, an 
amplifier input capacitor, an ac feedback circuit and 
a reverse bias circuit. The sampling gate is between 
the RF input signal and amplifier input capacitor. The 
gate is a bridge of four fast-switching, hot carrier 
diodes which are normally back biased, by reverse 
bias network, so that the input signal does not cause 
them to conduct. When the input signal is to be sam- 
pled, pulses of very short duration momentarily over- 
come the back bias and switch the diodes into conduc- 
tion. The amplifier input capacitor then starts to 
charge toward the voltage of the input signal. However, 
the sampling pulses are of such short duration that the 
capacitor charges to only a fraction of the input volt- 
age while the bridge diodes are conducting. The rest 
of the charging is done between samples. 
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4-27. The voltage across the input capacitor isthe in- 
put of atwo stage amplifier. Feedback from the output 
tothe input of this amplifier completes the charging of 
the input capacitor. The amount of feedback is variable 
so that the IF voltage output of the sampler when the 
input capacitor isfully chargedcan be set to equal the 
RF input voltage when the sample was taken. This 
feedback charging process takes place in a small frac- 
tion of the time between samples, and the charge holds 
from sampleto sample because there is no discharging 
Circuit. 


4-28. The reversebiasing of the sampling gate diodes 
is a critical factor in the operation of the samplers. 
The reverse bias must prevent the largest signals in 
the input range from causing the diodes to conduct, yet 
it must allow the fixed amplitude sampling pulses to 
forward bias the diodes in a way that gives best sam- 
pling efficiency. 


4-29. Sampling efficiency is the measure of hownearly 
the sampler output voltage duplicates the input volt- 
age. Since the sampler characteristically averages 
any input voltage change that occurs during the sample, 
the shorter the sampling time the greater the sampl- 
ing efficiency. Sampling time is governed by the width 
of the sampling pulse at the point where it exceeds the 
back bias on the sampling diodes. Since the sampling 
pulses are roughly triangular but of fixed amplitude, 
sampling time depends upon the level of reverse bias. 
Each sampling gate has a bias control. 


4-30. Sampling gate bias is controlled by the Reverse 
Bias Network. Operation of the reverse bias is as 
follows: While the diode gate is closed, the Reverse 
Bias Network shifts thebias voltages applied to either 
side of the gate so that the sampling gate output volt- 
age is centered between them. This ensures equal 
levels of reversebias voltage applied to each diode of 
the gate. The two turn-on pulses are applied to the 
diode gate simultaneously. Since these pulses have 
opposite polarity and should be identical, they will 
turn on both sides of the gate simultaneously. Also, 
if they are identical and of opposite polarity they will 
cancel each other at the input and output of the gate. 


4-31. However, due to slight differences in the amp- 
litudes and shapes, the sampling pulses do not quite 
cancel. Compensation for these effects and proper 
operation of the sampling gate is as follows: 1. Fine 
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adjustment of the Reverse Bias Network for proper 
centering operation is set by the Symmetry Adjust, 
A8R15 for Probe A A4R15 for Probe B; 2. The on- 
time, or sampling efficiency of the diode gages, is ad- 
justed by varying the level of reverse bias which the 
pulses must overcome with the Bias Adjust, A3R20 for 
Probe A, A4R20 for Probe B; 3. Fine adjustment of 
AC feedback which ensures that sampling gate output 
is equal to RF input level, is made with the Gain 
Adjust, A3R5 for Probe A A4Rd5 for Probe B. 


4-32. THE AUTOMATIC PHASE CONTROL. 


4-33. The Automatic Phase Control (APC) isa self- 
tuning local oscillator which generates the sampling 
pulses for both RF-to-IF Converters andautomatically 
controls the pulse rate to produce 20 kHz IF signals 
which havethe same phase relationship asthe RF input 
signals. 


4-34. TheAPC is operated by the output of channel A 
sampler andconsists of three main sections as shown 
in Figure 7-4. These are the Sampling Pulse Genera- 
tor, Search, and Phase Comparator sections, the SPG 
section produces two in-step pulses. One gates a 
sample in channel B. The sampling pulse rate is con- 
trolled by a voltage tuned oscillator (VTO) for which 
the tuning voltage is supplied by the search and lock 
phase-comparator sections. 


4-35. The Search and Phase Comparator sections 
frequency-lock and phase-lock channel A IF signal to 
a 20 kHz reference oscillator. To get initial locking 
the search section applies a ramp voltage to the VTO. 
This ramp voltage sweeps the sampling pulse rate 
until channel A IF is 20 kHz and in phase with the ref- 
erence oscillator. Then the sweep stops and the lock 
section holds channel A IF in phase with the reference 
oscillator. The lock section also regulates the sam- 
pling rate to follow small changes of frequency at 
probe A input provided that the rate of change does not 
exceed 15 MHz per second. 


4-36. SEARCH SECTION. 


4-37. The search section consists of the circuit sec- 
tions outlined in Figure 7-4. The section varies the 
sampling rate until the fundamental frequency of chan- 
nel A sampler output is 20 kHz with the same phase 
as the 20 kHz Reference Oscillator and the same 
polarity as the RF input signal. 


4-38. The input to the search section is the output of 
channel A sampler. If the sampler output does not 
have a fundamental frequency of 20 kHz the Search 
Ramp Generator produces a ramp voltage which sweeps 
the output frequency of the Voltage Tuned Oscillator. 
Since the VTO controls the rate of the Sampling Pulse 
Generator, the sampling rate follows the VTO 
frequency. 


4-39. When the sampling rate is such that the funda- 
mental frequency of channel A sampler output is 20 
kHz and in phase with the 20 kHz Reference Oscillator 
(All Assy) searching stops and thus the lock section 
holds sampling rate. 
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4-40. The VTO frequency, and thereforethe sampling 
rate can be varied from 0.98 to 2 MHz. For any fre- 
quency in the input range of channel A many sampling 
rates in this range can produce anIF waveform witha 
20 kHz fundamental frequency. However, only one 
sampling rate gives the truest reproduction of the RF 
waveform, and that is the highest sampling rate for 
which the resulting IF waveform has the same polarity 
as the RF waveform. Thus, the main requirements 
for the signals out of the samplers are a fundamental 
frequency of 20 kHz, polarity the same as the RF input 
waveform, and a high sampling rate. 


4-41. The 20 kHz fundamental frequency is obtained 
by locking the fundamental frequency of channel A 
sampler output to a20 kHz reference oscillator. Cor- 
rectIF waveform polarity is obtained with an identifier 
circuit that stops a searchat the highest sampling rate 
that has a multiple 20 kHz below the input frequency. 
High sampling rate is assured by having each search 
sweep the sampling rate from the high to the low end 
of its range, and by restricting the sweep tothe highest 
range of sampling rates which can produce IF signals 
for the selected input frequency range. 


4-42. To further increase searchefficiency the slope 
of the VTO tuning rampis automatically varied during 
the search by the Frequency to Voltage Converter to 
control the speed of the search: the farther the sam- 
pling rate from lock, the faster the sweep. 


4-43. The part of the search circuit that assures the 
same polarity inthe sampler output and RF input is 
the Sideband Identifier which stops the search at the 
highest sampling rate which has a multiple 20 kHz be- 
low the fundamental frequency of the input RF signal. 
The Sideband Identifier operates as follows. Sampler 
A output is amplified, filtered, and clipped to give a 
square waveshape. This square wave is converter by 
Phase Inverter A12Q1 totwo square waves witha phase 
difference of 180°. One of these square waves is the 
input to the Sideband Identifier. The Identifier is a 
sampling phase detector triggered by the 20 kHz Ref- 
erence Oscillator. When the sampling rate in chan- 
nel A RF-to-IF Converter is producing an IF signal of 
the correct polarity the output of the Identifier has a 
polarity that stops the search. 


4-44. While searching is in progress Lamp Driver 
A12Q6 holds the front-panel APC UNLOCKED lamp 
lighted. 


4-45. When the tuning ramp applied to the VTO by the 
search circuit reaches the voltage that gives the correct 
sampling rate in the RF-to-IF Converter the search 
stops and aholding circuitapplies an equivalent static 
voltage to the VTO. The holding circuit consists of the 
Phase Comparator outlined in Figure 7-4, and ope- 
rates asfollows: Voltage samples timed by the 20 kHz 
Reference Oscillator are taken from the fundamental 
camponent of sampler A output. If thefrequency of the 
fundamental is 20 kHzthe voltages of the sampler are 
equal and within the tuning voltage range of the VTO. 
For a particular frequency at the input to sampler A, 
the voltages of these holding circuit samples tune the 
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VTO to the frequency which gives the sampling rate 


which produces a 20 kHz IF. The holding circuitalso 


permitsthe signal into sampler A to change frequency 
a small amount without causing a search. 


4-46. Theholding circuit is arranged sothat two sam- 
ples are taken from every cycle of sampler A output. 
This feature givesfaster response to anytendency to- 
ward IF change. The Limiter Amplifier converts 
sampler A output to a square waveform. The Low 
Pass Filter and +90° Phase Shifter extracts thefunda- 
mental component from this waveform and shifts it in 
phase to lead by 90°. Phase Inverter A11Q2 converts 
this fundamental component to two signals with the 
same waveshape but different in phase by 180°. Each 
of these signals is an input to an IF Sampler. The 
other input to each sampler originates at the 20 kHz 
Reference Oscillator. The 20 kHz Reference Oscil- 
lator has two outputs which approximate square waves 
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and have steep negative-going slopes. These square 
waves differ in phase 180°; therefore, the negative- 
going slopes are separated intime by 25 microseconds. 
These slopes trigger the Pulse Generators to produce 
negative pulses 25 microseconds apart. The pulses 
gate the IF Samplers. If the fundamental frequency of 
sampler A output is 20 kHz the samplers are gated to 
pass small segments from the negative-going slopes 
of the signals from the phase Inverter, and these seg- 
ments all have the same voltage and are within the 
tuning voltage of the VTO. 


4-47. Decoupling diodes A19CR1 and A20CR1 prevent 
crosstalk between channel A input andchannel B input. 
Delay Line A17 is a section of transmissionline which 
can be mechanically adjusted to equalize the electrical 
distance from the Sampling Pulse Generator to the 
samplers. 
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SECTION V 
MAINTENANCE 


5-1. INTRODUCTION. 


5-2. This section provides instructions for perfor- 
mance testing, calibrating, troubleshooting, and re- 
pairing the Vector Voltmeter. If the serial prefix (the 
first three numbers of the serial number) of your in- 
strument is different than that listed on the title page 
of this manual, then there are differences between your 
instrument and the instrument described inthis manual 
(refer to Paragraph 1-20). 


5-3. PERFORMANCE TESTING. 


5-4. PURPOSE. The procedures listed in Table 5-2 
check 8405A performance for incoming inspection, 
periodic evaluation, calibration, and troubleshooting. 
The tests can be performed without access to the in- 
strument interior. The specifications of Table 1-1 
are the performance standards. 


5-5. TEST EQUIPMENT REQUIRED. The test in- 
struments and accessories required to make the per- 
formance checks are listed in Table 5-1. Test instru- 
ments other than the ones listed can be used provided 
their performance equals or exceeds the Critical 
Specifications listed. 


5-6. ADJUSTMENTS. 


5-7. PURPOSE. The procedures listed in Table 5-3 
outline the adjustments necessary to align the 8405A. 
The adjustments are sequential and should always be 
made in the order given. However, realignment of the 
Power Supply does not normally have to be followed by 
any of the other adjustment procedures. These adjust- 
ments should be made only when it is determined that 
the instrument is not operating properly. Todetermine 
proper operation, refer to Paragraph 5-3. 


5-8. TEST EQUIPMENT REQUIRED. Thetest instru- 
ments required for alignment are listed in Table 5-1. 
Test instruments other than those listed may be used 
provided their performance equals or exceeds the 
Critical Specifications listed. 


5-9. TROUBLESHOOTING. 
5-10. LOCATING TROUBLE. 


5-11. Always start locating trouble with a thorough 
visual inspection for burned-out or loose components, 
loose connections, or any conditions which suggest a 
source of trouble. Check the fuse to see that it is not 
open. 


5-12. If trouble cannot be isolated to a bad component 
by visual inspection, the trouble should be isolated to 
a circuit section. Isolation to a circuit section can be 
accomplished by using the troubleshooting charts(Table 
5-4 through5-9). To isolate trouble to adefinite circuit 
component, refer to the next paragraph. 


5-13. COMPONENT TROUBLE ISOLATION. 


5-14. The following procedures and data are given to 
aid in determining whether a transistor is operational. 
Tests are given for both in-circuit and out-of-circuit 
transistors and should be useful in determining whether 
a particular section trouble is due to a faulty transistor 
or an associated component. 


5-15. IN-CIRCUIT TESTING. 


5-16. The common causes of transistor failures are 
internal short- and open-circuits. In transistor cir- 
cuit testing the most important consideration is the 
transistor base - emitter junction. Like the control 
grid of a vacuum tube, this is the operational control 
point in the transistor. This junction is essentially a 
solid-state diode. For the transistor to conduct, the 
diode must conduct; that is, the diode must be forward 
biased. As with simple diodes, the forward-bias po- 
larity is determined by the materials forming the junc- 
tion. Use the transistor symbol on the schematic 
diagram to determine the bias polarity required to 
forward-bias the base-emitter junction. Figure 5-1 
shows transistor symbols with terminals labeled. 
Notice that the emitter arrow points toward the type N 
material. The other two columns of the illustration 
compare the biasing required to cause conduction and 
cut-off in transistors and vacuum tubes. If the trans- 
istor base-emitter diode (junction) is forward-biased 
the transistor conducts. Ifthe diode is heavily forward- 
biased, the transistor saturates. However, if the base- 
emitter diode is reverse-biased the transistor is cut 
off (open). The voltage drop across aforward-biased 
emitter -base diode varies with transistor collector 
current. For example, a germanium transistor has a 
typical forward-bias, base-emitter voltage of 0.2-0.3 
volts when collector current is 1-10 ma, and 0.4-0.5 
volts when collector current is 10-100 ma. Incontrast, 
forward-bias voltage for silicon transistors is about 
twice that for germanium types: about 0.5-0.6 volts 
when collector current is low, and about 0.8-0.9 volts 
when collector current is high. 


5-17. Whenexamining a transistor stage, first deter- 
mine if the emitter-base diode is biased for conduction 
(forward-biased) by measuring the voltage difference 
between emitter and base. When using an electronic 
voltmeter, do not measure directly between emitter 
and base: there may be sufficient loop current between 
the voltmeter leads todamage the transistor. Instead, 

measure each voltage separately with respect toa 
voltage common point (e.g., chassis). If the emitter- 
base diode is forward-biased, check for amplifier 
action by short-circuiting base to emitter while obser - 
ving collector voltage. The short circuit eliminates 
base-emitter bias and should cause the transistor to 
stop conducting (cut off). Collector volt- 

age should then shift to near the supply volt- 
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age. Any difference is due to leakage current through 
the transistor and, in general, the smaller this cur- 
rent, the better the transistor. If collector voltage 
does not change the transistor has either an emitter- 
collector short circuit or emitter-base open circuit. 


5-18. OUT-OF-CIRCUIT TESTING. 


5-19. The two common causes of transistor failure 
are internal short- and open-circuits. Remove the 
transistor from the circuit and use an ohmmeter to 
measure internal resistance. See Table 5-1A for 
measurement data. 


Table 5-1A. Out-of-Circuit Transistor 
Resistance Measurements 


} Connect Ohmmeter | Ohmmeter 
. Measure 
Transistor ‘ 
T Jeemect Ghee | agegure 
ype Pos. Neg. (ohms) 
lead to lead to 
emitter | base* 200-250 
Small 
Signal : 
emitter ll 10K- 
PNP jemitter collector | 1OK-100K 
Ger- 
Santen lau | base* 30-50 


wis emitter collector | several 
hundred 
PNP 


Silicon very cata 


very high 
collector| emitter | (might 
read open) 


Power high, often 
collector| emitter |greater 
than 1M 


* To test for transistor action, add collector-base 
short. Measured resistance should decrease. 
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CAUTION 

Most ohmmeters can supply enough current 
or voltage to damage a transistor. Before 
using an ohmmeter to measure transistor 
forward or reverse resistance, check its 
open-circuit voltage and short-circuit current 
output ON THE RANGE TO BE USED. Open- 
circuit voltage must notexceed 1.5 volts and 
short-circuit current must be lessthan 3 mA. 
See Table 5-1B for safe resistance ranges 
for some common ohmmeters. 


Table 5-1B. Safe Resistance Ranges 


for Common Ohmmeters 
HP 412A Red 
HP 427A Black 
Red + 
HP 410C Black - 
Black + 
HP 410B Red - 
HP 414A 


Simpson |Rx 100 
260 


Simpson |Rx1K 
269 


Rx1K 
R x 10K 
R x 100K 
Rx1M 
R x 10M 


R x 100 
BRK 
Rix 10K 
R x100K 
Rexel M 
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DEVICE oYMBOL CUT OFF 


VACUUM TUBE 


NPN TRANSISTOR 


PNP TRANSISTOR 
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TRANSISTOR BIASING 


CATHODE 


COLLECTOR 


EMITTER 


COLLECTOR 


EMITTER 


CONDUCTING 


MAIN 
CURRENT 


fe 


+.3V 
CONTRO 
CURRENT = 


meON, 


MAIN 
) CURRENT 


SoS. 


CONTROL 
CURRENT = 


Figure 5-1. Transistor Biasing Characteristics 


DIODE SYMBOL 


ANODE ———->}+———- CATHODE 


CATHODE 


Figure 5-2. 


CONICAL | 


C 


S—= 


Ap 
ATHODE’ - 


Examples of Diode Marking Methods 


5-20. REPAIR AND REPLACEMENT. 


5-21. Certain procedures and precautions must be 
followed when repairing or replacing any component of 
the 8405A. Most of the amplifier and power supply 
circuit components are located on the etched circuit 
board. Instructions for working on the etched circuit 
board are summarized in Paragraph 5-22. Always 
disconnect the AC power before replacing or soldering 
any parts. 


5-22. ETCHED CIRCUITS. 


5-23. The etched circuit boards in the 8405A are of 
the plated-through type consisting of metallic con- 
ductors bonded to both sides of insulating material. 
Soldering can be done from either side of the board with 
equally good results. Table 5-1C lists required tools 
and materials. Following are recommendations and 
precautions pertinent to etched circuit repair work. 


a. Avoid unnecessary component substitution: it can 
result in damage to the circuit board and/or adjacent 
components. 


b. Do notuse a high-power soldering iron on etched 
circuit boards. Excessive heat may lift a conductor 
or damage the board. 


c. Use a suction device (Table 5-1C) or wooden 
toothpick to remove solder from component mounting 
holes. DO NOT USE A SHARP METAL OBJECT SUCH 
AS AN AWL OR TWIST DRILL FOR THIS PURPOSE. 
SHARP OBJECTS MAY DAMAGE THE PLATED- 
THROUGH CONDUCTOR. 
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d. After soldering, remove excess flux from the 
soldered area and apply a protective coating to pre- 
vent contamination and corrosion. See Table 5-1C 
for recommendations. 


5-24. COMPONENT REPLACEMENT. 
a. Remove defective component from circuit board. 


b. Remove solder from mounting holes using a suc- 
tion desoldering aid (Table 5-1C) or wooden toothpick. 


c. Shape leads of replacement component to match 
mounting hole spacing. 


d. Insert component leads into mounting holes and 
position component as original was positioned. DO 
NOT FORCE LEADS OF REPLACEMENT COMPO- 
NENT INTO MOUNTING HOLES. Sharp lead ends 
may damage plated-through conductor. 


Note: Axial lead components, such as resist- 
ors and tubular capacitors, can be replaced 
without unsoldering. Clip leads near body of 
defective component, remove component and 
straighten leads left in board. Wrap leads of 
replacement component one turn around orig- 
inal leads. Solder wrapped connection, and 
clip off excess lead 


5-25. ETCHED CONDUCTOR REPAIR. A broken or 
burned section of conductor canbe repaired by bridging 
the damaged section with a length of tinned copper 
wire. Allow adequate overlap and remove any var- 
nish from etched conductor before soldering wire into 
place. 
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5-26. TRANSISTOR REPLACEMENT. 


a. Do not apply excessive heat. See Table 5-1C 
for soldering tool specifications. 


b. Use a heat sink such as pliers or hemostat be- 
tween transistor body and hot soldering iron. 

c. Wheninstalling areplacement transistor, ensure 
sufficient lead length to dissipate heat of soldering by 
maintaining about the same length of exposed lead as 
used for original transistor. 


5-27. DIODE REPLACEMENT. 


5-28. Solid state diodes are in many physical forms. 
This sometimes results in confusion as to which lead 
or connection is for the cathode (negative) or anode 
(positive), since not all diodes are marked with the 
standard symbols. Figure 5-2 shows examples of some 
diode marking methods. If doubt exists as to polarity, 
an ohmmeter may be used to determine the proper 
connection. It is necessary to know the polarity of the 
ohms lead with respect to the common lead for the 
ohmmeter used. (For the HP Model 410B Vacuum Tube 
Voltmeter, the ohms lead is negative with respect to 
the common; for the HP Model 412A DC Vacuum Tube 
Voltmeter, the ohms lead is positive with respect to the 
common.) When the ohmmeter indicates the least diode 
resistance, the cathode of the diode is connected tothe 
ohmmeter lead which is negative with respect to the 
other lead (see Table 5-1B). 


Note: Replacement instructions are the same 
as those listed for transistor replacement. 


Table 5-1C. Etched Circuit Soldering Equipment 


Soldering Tool 


Soldering Tip, 
general purpose 


Soldering 
Unsoldering 


Specification 


Wattage rating: 37.5 
Tip Temp: 750 - 800°F 
Tip Size: 1/8" OD 


Item Recommended 


Ungar #776 Handle with 
Ungar #1237 Heating Unit 


Soldering 
Unsoldering 


Shape: chisel 
Size: 1/8" 


Ungar #PL113 


De-soldering aid 


Resin (flux) 
solvent 


Unsoldering multi- 
connection components 
(e.g., tube sockets 


Remove excess flux 
from soldered area 

before application of 
protective coating 


Suction device to remove 
molten solder from 
connection 


Must not dissolve etched 
circuit base board ma- 
terial or conductor 
bonding agent 


Solder 


Protective 
Coating 


Component replacement 
Circuit board repair 
Wiring 


Contamination, corrosion 
protection after soldering 


*Krylon Inc., Norristown, Pennsylvania 
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Resin (flux) core, high 
tin content (60/40 tin/ 
lead), 18 gauge (SWG) 
preferred 


Good electrical insula- 
tion, corrosion- 
prevention properties 


Soldapult by the Edsyn 
Company, Arleta, 
California 


Freon 

Acetone 

Lacquer Thinner 

Isopropyl Alcohol (100% dry) 


Krylon* #1302 


Humiseal Protective Coating, 
Type 1B12 by Columbia 
Technical Corp. Woodside 
77, New York 
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Table 5-1. Recommended Test Equipment 


ne ae oesere Use Recommended 
Critical Specifications (Note 3) 


Cut off Freq: 30 MHz Telonic 
Rejection: 60 dB at 36 MHz TLC-30-6-F-E 
(See Note 1) 


Low Pass 
Filter 
(Item 8)* 


Telonic 
TLA-60-3-F-E 
(See Note 1) 


Cut off Freq: 60 MHz 
Rejection: 40 dB at 120 MHz 


Telonic 
TLP-100-3-F-E 
(See Note 1) 


Cut off Freq: 1200 MHz 1 HP 360B 
Rejection: 30 dB at 2000 MHz 3 (See Note 1) 


Bandwidth: 50 MHz HP 175A (Oscillo- 
Sweep Range: 1 to 25 psec/cm scope w/HP 1755A 
Sweep Trigger: internal or external (Vert. Amplifier) 
Input Coupling: ac or dc & HP 10003A 
Vertical Sensitivity: 5 mV/cm, minimum (10:1 Divider Probe) 


Freq Range: 50-120 Hz, 20 kHz HP 400 H/E/or EL, 

Volt Accuracy: +3% of full scale (50-120 Hz); or HP 3400A, or 
+1% of full scale (20 kHz and 300 mV) HP 741A 

Voltage Range: 1 to 300 mV 

Input Impedance: 2 megohm or greater 


Cut off Freq: 100 MHz 
Rejection: 40 dB at 200 MHz 


Oscilloscope 
AC Voltmeter 


Test Oscillator 


HP=200' Dp: 
HP 204B, 
HP 208A, or 
HP 651A 


HP 350D 
2 ae 


1-10 MHz: 
HP 651A or 
HP 606A/B 


Output Freq 18-22 kHz 
Output level (into 600 ohms): 0 to 1 volt rms 


Variable 
Attenuator 


Attenuation Range: variable in 1 dB steps 
from 10 to 30 dB 

Freq Range: 18-20 kHz 

Nominal Impedance: 600 ohms 


Output Freq: 160-200 kHz 
Symmetry: 45/55 
Output level (into 25 ohms): 


Square Wave 
Generator 


20 mV p-p, minimum 


Signal Generator Output Freq: 1-10 MHz 
Output level (into 50 ohms): 3 volts rms 


Dial Accuracy: +3% 


10-100 MHz: 
8601A Generator 
or 608E Generator 
& 230A Amplifier 


Signal Generator 


Freq Range: 10-450 MHz, 450-1000 MHz, 
950-1000 MHz 

Freq Accuracy: +2% 

Output level (into 50 ohms): 10-100 MHz: 3V min. 
100-450 MHz and 950-100 MHz: 1.0V min. 

Auxiliary (second) Output into 50 Ohms: 

120 mV minimum 


100-450 MHz: 608E 
450-1000 MHz: 612A 
950-1000 MHz: 8614B 


HP 431B/C Meter 
HP 478A Mount 
HP 8402B Calibra- 
tor & Digital 
Voltmeter 

(See Note 2) 

or HP 432A Meter 
and HP 478 
(See Note 4) 


Freq Range: 100, 110, and 1000 MHz 
Meter Readout Accuracy: +0.5% 
Power Range: +3 to -10 dBm 


Power Meter, 
Ther mistor 
Mount, and 
Calibrator 
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Table 5-1. Recommended Test Equipment (Cont'd) 


Ae AP : Piste Recommended 


Counting Range: 18-22 kHz 18-22 kHz: HP 5212A 
Accuracy: +2 Hz or HP’ 5512), 0r 
Sensitivity: 100 mV rms HP 5245L 


Counting Range: 1-410 MHz 1-410 MHz: HP 5245L 
Accuracy: +50 Hz Counter and HP 5253B 
Sensitivity: 100 mV rms Converter 


Frequency Counter 


Voltage Range: +0.1 to +40 Vdc 

Accuracy: +0.15% of reading (+1.1 mV for 0.1 
to 3V range) 

Minimum Input Impedance: 


HP 5264A (DVM plug- 
in used with 5245L 
listed above), or 

HP 3439A/ any plug-in, 


Digital Voltmeter 


RF Voltmeter 
1* 
(2 required) 


50 ohm adapter (type N female to female) 
10 dB coaxial attenuator for 50-ohm line with 
type N connectors (2 required) 


a 50 ohm adapter (Tee, all connectors type N 


10 Megohm 


or 
HP 3440A /any plug-in. 


Standards laboratory 
Calibrated 

HP 411A Meter with 
Probe inserted in 
HP 11024A (Type N 
tee) and Digital Volt- 
meter (see Note 2) 


HP 11536A 

HP 1250-0777 

(UG 29B/U) 

HP 8491A (Option 10) 
HP 11549A 


General Radio Co. 
Type 874-LK20L 


Freq Range: 10-100 MHz 

Calibrated Readout Accuracy: .5% at 10 MHz; 
.6% at 30 MHz; 1% at 60 MHz 

Voltage Range: 0.5 to 1.5 Volt rms 


50 ohm load with male type N connector 
SWR: less than 1.06 
(3 required) 


50 ohm Probe Tee with type N connectors 


female) 3 dB power splitter 


50 ohm adjustable air line (adjustable from 
60 to 80 cm with GR type 874 connectors) 
SWR: Less than 1.06 at 1000 MHz 


50 ohm adapter (type N male to GR 874) 
(2 required) 
a Low Pass Filter (see beginning of this list) 
6 dB coaxial attenuator for 50-ohm line with 
type N connectors 
aes Thermistor Mount (see Power Meter listed) 


Probe Tee for RF Voltmeter (see RF 
Voltmeter listed) 


Lee Attenuation Range: 1 to 12 dB in 1 dB steps HP H34-355C 
Calibrated Variable | Accuracy: (See Note 1) 
Attenuator +0.02 dB at 30 MHz 


+0.05 dB at 100 MHz 
Connectors: Type N female 
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Table 5-1. Recommended Test Equipment (Cont'd) 


Critical Specifications Pret 3) 2 aaah 


HP 1250-0077 
(UG-349A /U) 


ct 
Cs 


50 ohm tee, type N female connectors HP 1250-0846 
(UG-28 A/U) 
* Item numbers refer to Performance Check and Adjustment Procedure Test Setups. 


NOTES: 


50 ohm adapter (BNC male to type N female) 


1. Nominal impedance is 50 ohms with type N connectors (one male and one female). 


2. For required power meter and RF voltmeter readout accuracy, a Digital Voltmeter is 
required. The Digital Voltmeter in the above list will do the job. 


For USE column: 1. Performance check 


2. Troubleshooting 


3. Adjustment procedure 


If HP Model 432A Power Meter is used, then Calibrator (8402B) is not required. 
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Table 5-2. Performance Tests 


I. SPECIFICATIONS TESTED 


1. ISOLATION BETWEEN CHANNELS: 105900 Miz. .......-.--. 


Oe BO OT ee. Ce 


I. TEST DESCRIPTION 


1. ISOLATION BETWEEN CHANNELS is tested by applying a large amplitude signal to Channel A 
with no signal applied to B. Crosstalk from Channel A is indicated by the Channel B AMPLITUDE 
meter reading. 


I, PROCEDURE 


1. With signal source output at a minimum, connect equipment as shown in Figure 1. 


10-1000MHz 


SIGNAL GENERATOR 
8405A 


|, 500 Load 
2. Probe tee 
3. Adapter 


Figure 1. Channel Isolation Check 


Set signal generator for unmodulated (CW) RF output of about 0 dBm (about 300 mV) and 410 MHz. 


3, Adjust 8405A FREQ RANGE- MHz switch so APC UNLOCKED light goes out and setting includes 
measurement frequency. 


Set 8405A AMPLITUDE CHANNEL switch to A. 


5. Adjust signal generator output for a 0 dB 8405A meter reading. 


6. Set 8405A AMPLITUDE CHANNEL switch to B and measure the amplitude signal present on 
Channel B: The signal amplitude should not exceed -80 dB. 


7. Test isolation between channels at any other frequencies between 300 and 1000 MHz. 
8. For frequencies 1 to 300 MHz, repeat above procedure with the following exceptions: (a) adjust 


signal source output for 1 volt Channel A reading; (b) Channel B reading should not exceed 
10 microvolts. 


SPECIFICATIONS TESTED 


1. VOLTMETER RESIDUAL NOISE: 10 1 V as indicated on meter. 


Il. TEST DESCRIPTION 


1. VOLTMETER RESIDUAL NOISE is tested by applying 1 mV to Channel A and reading Channel B 
with no signal applied to it. 
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II. PROCEDURE 
1. Setup equipment 2s shown in Figure 1 and adjust signal source for 1 mV output. 


2. Set 8405A AMPLITUDE RANGE to -70 and read voltmeter with AMPLITUDE CHANNEL set to 
B. Meter indication should not exceed 10 microvolts for Channel B. 


SPECIFICATIONS TESTED 

1. VOLTAGE ACCURACY: Using HP 11536A Probe Tee: 
+2% of full scale 
+6% of full scale 
+12% of full scale 


+12% of full scale for up to 300 mV rms 
+12% + 5% of full scale for 300-1000 mV rms 


TEST DESCRIPTION 


1, 1 to 100 MHz. Voltage accuracy is tested by applying an accurate rms signal to either input 
probe. Accuracy of the signal is determined using a calibrated RF voltmeter. To ensure an 
accurate measurement with the RF voltmeter, the harmonic content of the measured signal 
must be about 60 dB below the fundamental of interest. Therefore, a low-pass filter is re- 
quired (for some signal sources, a bandpass filter may be required because the signal source 
output may contain sub-harmonics). 


. 100 to 1000 MHz. Voltage accuracy is tested by applying an accurate rms signal to either input 
probe. Accuracy of the signal is determined using an RF Power Meter. To ensure an accurate 
measurement with the Power Meter, the harmonic content of the measured signal must be about 
30 dB below the fundamental of interest. Hence, a low-pass filter is required (for some signal 
sources, a bandpass filter is required because sub-harmonics may be present in RF signal). 


PROCEDURE 


1. 1 to 100 MHz. 
a. With signal source set to minimum, connect test equipment as shown in Figure 2. 


Allow one-hour warmup. 


10- 100 MHz 
SIGNAL GENERATOR 


. 509 Load 
. Probe tee RF 


epowerkcritice MILLIVOLTMETER 


. Voltmeter, Probe tee 


Figure 2. Voltage Accuracy Check (1 to 100 MHz) 


Note 
For required read-out accuracy, a digital voltmeter should be used with 
the calibrated RF voltmeter. 


b. Set signal source for 10 MHz unmodulated signal and adjust output level for 1 volt rms as 
indicated by calibrated RF voltmeter. 
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. Set 8405A FREQ RANGE so that APC UNLOCKED light goes out with range setting including 
measurement frequency. Note Channel A amplitude meter reading. 


. Remove 411A Probe and Probe Tee and replace with Channel B Probe Tee. If necessary, 
adjust signal generator output for Channel A meter reading noted in step c. 


Set 8405A AMPLITUDE CHANNEL to B and AMPLITUDE RANGE to 1000 mV; amplitude 
should read 1.00 + 0.02 volt. 


. Repeat above procedure at 30 and 60 MHz. At 30 MHz the 8405A should read 1.00 + 0.02 volt. 
At 60 MHz the 8405A can read 1.00 + 0.03 volt. This is because the RF millivoltmeter 
(HP 411A) has a calibration accuracy of +1%. This means that the HP 411A could be 1% off at 
60 MHz while the 8405A could be off 2% causing the 8405A to appear to be off by 3%. 


Note 


If the 8405A amplitude reads 1.00 + 0,01, itis definitely within +2% accuracy; if 
the 8405A reads 1.00+0.03, it is probably within +2% accuracy; if the 8405A 
reading is 1.00 + greater than +0.03, itis not within +2% accuracy. 


2. 100 to 1000 MHz. 


a. With signal source set to minimum output, connect equipment as shown in Figure 3. 
Allow one-hour warmup. 


10 - 450 MHz 450 - 1000 MHz 
SIGNAL GENERATOR SIGNAL GENERATOR 


RF POWER 
METER 


5. Power splitter 
1. 50Q Load 8. Low pass filter 


2. Probe tee 10. Thermistor mount 
Figure 3. Voltage Accuracy (100 to 1000 MHz) 


Note 


For maximum power meter readout accuracy: a power meter calibrator 
(HP 8402B) and digital voltmeter should be used with the power meter. 
Refer to Operating and Service Manual for power meter calibrator. If 

the Model 432A Power Meter is used, the Calibrator (8402B) is not required. 


. Zero and null power meter, then set to 1 mW range. 


. Set signal source for 100 MHz unmodulated output and adjust for power meter reading which 
indicates 0.00 dBm level. 


. Note Channel A AMPLITUDE meter reading. Disconnect thermistor mount from setup and 
replace with Channel B probe, probe tee and 50 ohm load. 


. If necessary, readjust signal generator output for Channel A meter reading noted in step d. 


. Set 8405A AMPLITUDE CHANNEL to B and AMPLITUDE RANGE to 300 mV. Channel B 
AMPLITUDE meter should read 223.5 mV +6 mV. 
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. Set signal source to 200 MHz and repeat steps c, d, and e. Channel B AMPLITUDE meter should 
read 223.5 mV +18 mV. 


. Repeat step g for frequencies of interest between 100 and 300 MHz. 


. Set signal generator for frequencies of interest between 300 and 1000 MHz and repeat steps c, d, 
and e. Channel B AMPLITUDE meter should read 223.5 mV +36 mV. 


SPECIFICATION TESTED 
1. VOLTAGE RATIO ACCURACY: 


FEATURE TESTED. 
VOLTMETER TRACKING. 


TEST DESCRIPTION 


Range-to-range-voltage tracking is tested by adjusting an input signal for a convenient reference on 
range of the 8405A Voltmeter. The input signal is then decreased with an accurately calibrated 
attenuator. 


PROCEDURE 
1. Set up test equipment as shown in Figure 4. 


10-450 MHz 
SIGNAL GENERATOR 


|. 50N Load 


POWER AMPLIFIER 2. Probe tee 
8. Low pass filter 


9. Coax attenuator 


12. Calibrated coax 
attenuator 


Figure 4. Voltage Ratio Accuracy 


Set 355C attenuator to 0 dB and set signal source to 30 MHz. Set signal source for about 0 dBm 
(about 223 mV) output. 


Set 84054 AMPLITUDE CHANNEL to B and AMPLITUDE RANGE to 0 dB. Adjust FREQ RANGE 
(MHz) setting to include measurement frequency. 


Adjust signal source for 0 dB (223.5 mV) 8405A reading. 

Switch 355C to 1 dB: Amplitude should read 193 to 205 mV + (355C calibration error). 
Switch 355C to 2 dB: Amplitude should read 172 to 183 mV + (355C calibration error). 
Switch 355C to 3 dB: Amplitude should read 152 to 164 mV + (355C calibration error). 
Switch 355C to 4 dB: Amplitude should read 135 to 147 mV + (355C calibration error). 


Switch 355C to 5 dB: Amplitude should read 120 to 132 mV + (355C calibration error). 
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Switch 355C to 6 dB: Amplitude should read 106 to 118 mV + (355C calibration error). 
Switch 355C to 7 dB: Amplitude should read 93.8 to 106 mV + (355C calibration error). 
12. Set 355C to 0 dB and adjust signal source for 0 dB (223.5 mV) 8405A reading on 300 mV range. 


13. Set 355C to 10 dB and 8405A to 100 mV range: amplitude should read 68.7 to 72.7 mV 
+ (355C calibration error). 


14. Set 355C to 0 dB and adjust signal source for 80 mV 8405A reading on 100 mV range. 


15. Set 355C to 10 dB and 8405A to 30 mV range: amplitude should read 24.7 to 25.9 
+ (355C calibration error). 


Repeat steps 1 through 15 for any frequency of interest that variable attenuator is calibrated for. 


SPECIFICATIONS TESTED 
1. PHASE ACCURACY: (including phase accuracy due to unequal signal levels to Channel A & B. 


a. Below 500 MHz using HP 11536A Probe Tee (Channel A and B voltages between 100 uV and 
300 mV) +4.5°. 


b. 500 to 1000 MHz using HP 11536A Probe Tee (Channel A and B voltages between 100 uwV and 
100 mV) +4.5°. 


ec. 1 to 100 MHz using HP 11576A 10:1 Dividers (Channel A and B voltages between 1 mV and 3V) 
+5.5°. 


d. 1 to 200 MHz using HP 10216A Isolator (Channel A and B voltages between 100 mV and 300 mV) 
aU Rae 


TEST DESCRIPTIONS 


1. PHASE ACCURACY is tested by separating the input probes by a known electrical line length 
equal to one wavelength (360° phase shift) at a given frequency. The frequency is then changed 
in exact increments causing a known phase shift. 


NOTE: In general the phase shift caused by a change in frequency of the signal generator in 


Figure 5 is given by fees 
Sa ee) 
fe) 
where @ =phase shift indicated on 8405A 


fy = frequency originally set for 0° phase shift. 
i new frequency causing phase shift. 


10- 450MHz 
SIGNAL GENERATOR 


FREQUENCY COUNTER 


. 50 Load 


| 

2. Probe tee 1. Adapter 

4. 50 coax attenuator 8. Low pass filter 
5. Power splitter |3. Adapter 

6, Adj air line 15. Type N female tee 


Figure 5. Phase Accuracy Check 
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PROCEDURES 
Set up equipment as shown in Figure 5. 


Using Frequency Counter, adjust signal source for RF output of about 100 mV and frequency 
as close to 400.000 MHz as possible. 


Adjust 84054 FREQ RANGE (MHz) so setting includes measurement frequency. 


Set PHASE RANGE to +180° and METER OFFSET (black knob) to 0°. Using ZERO control, 
adjust for 0° meter reading. Switch RANGE to +6° and rezero meter as necessary. 


Insert air line in setup as shown. 

Adjust air line length for 0° 8405A PHASE meter reading on +6° scale. Remove air line from 
setup and recheck PHASE METER zero. If necessary, readjust. Reconnect air line in setup 
and, if necessary, readjust length for 0° reading. 


Using the following procedure and the frequency counter to determine exact frequency increments, 
check phase accuracy of 8405A. 


a. Change frequency to 300 MHz. 


b. Adjust 8405A FREQ RANGE (MHz) to include measurement frequency. Set PHASE RANGE 
to 6°, METER OFFSET to 90°, and +/- switch to +. 


PHASE meter should read 0 +4.5° when air line is reinserted. 


Change frequency to 200 MHz and repeat steps b and c above except that METER OF FSET 
should be set to 180°. 


Change frequency to 100 MHz and repeat steps b and c above except that METER OFFSET 
should be 90°, and +/- should be -. 


Repeat similar procedure at frequencies and signal levels of interest, using equation 
given in Note. 
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INTRODUCTION 


Adjustments should not be made unless it is determined that the instrument is not operating properly. 
To determine proper operation, see Table 5-2. This adjustment procedure should be followed sequen- 
tially. For a list of instrument adjustments and the front panel functions that they affect, see below. 
See Table 5-1 for required test equipment. 


ADJUSTMENT SUMMARY 


Adjustment Instrument Function 


1. Meter Movement Mechanical Zero 1. Basic accuracy of both meters 
2. Power Supply Adjustments 2. All functions 


3. IF Section Adjustments 
3A. All functions except, IF OUTPUTS and Channel 
B voltmeter 


3A. Channel A IF Tuning and Gain 


3B. Channel B IF Tuning and Gain 3B. All functions except, IF OUTPUTS and Channel 


A voltmeter 


4. Phase Section Adjustments 4. Phasemeter and PHASE recorder output 


5. Automatic Phase Adjustments 


5A. IF Sampler 5A. All functions. Note: misadjustment is most 


noticeable as the cause of low voltmeter readings 


5B. Pulse Generator and Sampler 


(1) A3R20/A3R15/A15R3 5B(1). All functions 


(2) A4R20/A4R15 5B(2). All functions except Channel A voltmeter. 


5C, Search Speed 5C. All functions or, all functions at some freq- 


uencies only. 


6. RF Section Adjustments 


6A. Channel A RF Gain Channel A voltmeter 


6B. Channel B RF Gain . Channel B voltmeter 


NOTE: IF sampler slightly misadjusted 
(A11R24) 


NOTE: Both Channel voltmeters 


6C. Delay Line Phasemeter 
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Table 5-3. Adjustment Procedure (Cont'd) 


1. MECHANICAL METER ADJUST. 


a. When meter is properly set, the pointer resets over the calibration (i.e., 0° or 0 volts) on the 
meter scale when the instrument is (1) in its normal operating position, and (2) turned off. Set 
pointer as follows to obtain best accuracy and mechanical stability: 


NOTE 


For Option 02 instruments, the AMPLITUDE meter has no 
mechanical adjust. 


. Turn instrument off 


c. Rotate meter zero-adjust screw clockwise until meter pointer is to left of 0 and moving to right 
toward 0.. Stop pointer at 0. If pointerpasses 0, repeat adjustment. 


d. Rotate meter zero-adjust screw about 3 degrees counterclockwise to free it from meter 
suspension. If pointer moves, repeat steps c and d. 


AIGR23 ALB AIGRIG = AIGA 
-20V ADJ  ASSY +20VADJ ASSY ASSY 


~A26 
SH EXTENDER 
BOARD 


in : 


Figure 2A. Adjustment Locations 


2. POWER SUPPLY ADJUST. 
a. Remove top cover and refer to Figure 2A. 


b. Put Power Supply assembly A16 on A26 Extender Assembly. 


c. Using a DC Voltmeter and an AC Voltmeter, make the following measurements. 


Test Point Measure (Note 1) Ripple (Note 2) Adjust Line Voltage 


A16C6 minus to -20+0.2 vdc 1.0mVrms A16R23 103 to 127 vac 
Chassis gnd or 


A16C3 plus to +20+0.2 vde 1.0mVrms A16R11 207 to 253 vac 
Chassis gnd ae 


Note 1. If either supply has to be adjusted, set output as close to 20.0 volts as possible. 


Note 2. If ripple is excessive remove circuit assemblies A3 and A4. Ripple should then be normal. 
Measure again after Pulse Generator and Sampler Adjustment Procedures. 
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3. IF SECTION ADJUST. 


3A. CHANNEL A IF TUNING AND GAIN. 


a. Connect test equipment as shown in Figure 2B. Connect AC Voltmeter between A5Q1 base and 
8405A Chassis. Connect Oscilloscope vertical input between A5C4-A5R8 junction and 8405A chassis. 


NOTE 


Refer to Figure 2A for adjustment and assembly location. 


OSCILLOSCOPE FREQUENCY COUNTER 


AC 
VOLTMETER 


20kHz LF ATTENUATOR 


OUT A (REAR) 


20kHz IF 
OUT B (REAR) 


Figure 2B. Setup for IF Tuning, IF Gain and 
IF Sampler Adjustments 


Unplug circuit Assemblies A3, A4, A8, A1l0 and All, but for convenience leave them in the 8405A. 
Put Isolation Amplifier Assembly A5 on extender A26. 


. Connect 8405A to 115 Vac line. 
. Set 8405A controls as follows: 


AMPIGCEUD EOROAN Ge) ey eee ee ee ee ee ae U0. mV 
Other control settings optional. 


. Adjust Test Oscillator/Attenuator to obtain 300 mV reading on the AC Voltmeter at 20 kHz +10 Hz. 
. Tune A5L1 to peak the 20 kHz sine wave displayed by the Oscilloscope. 
. Adjust Gain control A5R11 until 8405A AMPLITUDE meter reads 300 millivolts. 
Reinsert Phase Meter Assembly A8 and Isolation Amplifier Assembly A5 without the extender. 
Put channel A Phase Shifter Assembly A7 on extender A26. 


;. Connect Oscilloscope vertical input between the base of A7Q5 and the 8405A chassis. 
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k. Set AMPLITUDE RANGE to 1000 mV, and adjust Test Oscillator output until AMPLITUDE meter 
reads 1000 mV. 


m. Tune IF adjustment A7L1 to peak the 20 kHz sine wave displayed by the Oscilloscope. 
n. Reinsert Phase Shifter Assembly A7 without the extender. 


3B. CHANNEL B IF TUNING AND GAIN, 


. With test equipment as shown in Figure 2B, and with Circuit Assemblies A3, A4, Al0 and A11 still 
unplugged, put Channel B Isolation Amplifier A18 on extender A26. 


Unplug Phase Meter Assembly A8. 


Connect the Oscilloscope vertical input between A18C4-A18R8 junction and the 8405A chassis. Con- 
nect the AC Voltmeter to the base of A18Q1. 


Set 8405A controls as follows: 


CHANNEL 
AMPLITUDE RANGE 


Other control settings optional 
. Adjust Test Oscillator /Attenuator to obtain 300 mV reading on the AC Voltmeter. 
Tune IF adjust A18L1 to peak the 20 kHz sine wave displayed by the Oscilloscope. 
. Adjust Gain Control A18R11 until the 8405A AMPLITUDE meter reads 300 mV. 
. Reinsert Phase Meter A8 and Isolation Amplifier Assembly A18 without the extender. 
Put Channel B 180° Switch Assembly A6 on extender A26, 
Set 8405A controls as follows: 


CHANNEL 
AMPLITUDE RANGE 1000 mV 
PHASE METER OFFSET -90° 


Other control settings optional. 
. Adjust Test Oscillator output for 8405A AMPLITUDE meter reading of about 1000 mV. 
Connect Oscilloscope vertical input between A6C12 minus and the 8405A chassis. 
Tune IF adjust A6L1 to peak 20 kHz sine wave displayed by the Oscilloscope. 
. Reinsert 180° Switch Assembly A6 without the extender. 


4. PHASE SECTION ADJUST. 


a. Connect test equipment as shown in Figure 2C. 


TEST 
OSCILLATOR 


OSCILLOSCOPE DIGITAL VOLTMETER 


FREQUENCY COUNTER 


20kHz |. F 
OUT A (REAR 


2O0kHz I. F 
OUT B (REAR) 


Figure 2C. Setup for Phase Meter Adjustments 


NOTE 


Refer to Figure 2D for adjustment and assembly location. 
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Table 5-3. Adjustment Procedure (Cont'd) 


ATLt ABL1 ABR23 ABR26 


Al2R25 


A3R20 AISR3 


Figure 2D. Adjustment Locations 


. With Circuit Assemblies A3, A4, A10 and A11 still unplugged, put Phase Meter Assembly A8 on 
extender A26. 


. Set 8405A controls as follows: 
PHASE METER OFFSET 
PHASE RANGE 


Other control settings optional 
. Adjust output of Test Oscillator to obtain 84054 AMPLITUDE meter reading of 1000 mV. 


. Read PHASE METER with PHASE ZERO fully clockwise and fully counterclockwise. Readings of 
at least +18° and -18° should be obtained. If not, adjust A8R32 and A8R24. 


NOTE 


It may be necessary also to retune IF adjustments A6L1 and A7L1 to 
obtain +18° zeroing range. Do not, however, obtain more than a 10° 
correction from any single IF control. 


For 8405A Vector Voltmeters without A8R26 and A8R33 adjustments, go to step g. For instruments with 


A8R26 and A8R33 adjusts, perform steps (1), (2) and (3). 


(1) Connect Digital Voltmeter to measure voltage at the junction of A8R33 slider and A8Q16 base. Adjust 
A8R33 until Digital Voltmeter reads +7.4 volts. 
Connect Digital Voltmeter to measure voltage at the junction of A8R26 slider and A8Q12 base. 
Adjust A8R26 until Digital Voltmeter reads -7.4 volts. 
Connect Oscilloscope X10 Probe to junction of A8CR1 and A8R20. Square wave pattern should have 
no oscillations present. If oscillations are present on pattern, readjust A8R33 and A8R26 as neces- 
sary to eliminate oscillations. Final voltages, as measured in steps (1) and (2) above should be 
between 6.0 and 7.5. 


. Set 8405A PHASE RANGE and PHASE METER OFFSET to 180. 

. Adjust PHASE ZERO to obtain maximum positive reading on PHASE meter. 
. Adjust A8R32 until PHASE meter reads +180°. 
. Adjust PHASE ZERO to obtain maximum negative reading on PHASE meter. 
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Table 5-3. Adjustment Procedure (Cont'd) 


k. Adjust A8R24 until PHASE meter reads -180°. 
m.Set 8405A PHASE RANGE to +60 and PHASE METER OFFSET to 0. 
n. Repeat steps e and f. 


o. Reinsert Phase Meter Assembly A8 without extender. Also, Assembly A10. 


AUTOMATIC PHASE CONTROL SECTION ADJUST. 


. IF SAMPLER. 


Connect test equipment as shown in Figure 2B: 8405A control settings are optional. 


NOTE 
Turn test oscillator on and allow one-half hour warmup. 


With Circuit Assemblies A3 and A4 still unplugged, put IF Sampler Assembly A11 on extender A6. 


Connect Oscilloscope vertical input and Frequency Counter between A11Q4 Collector (transistor 
case) and 8405A chassis. 


With the Oscilloscope internally synchronized, adjust Symmetry Control Al11R23 to obtain 50-50 
symmetry for the waveform at A11Q4 collector. 


. Adjust Frequency Control A11R24 to obtain 20 kHz Frequency Counter reading. If control action 
prevents precise adjustment 20 kHz + 10 Hz is acceptable. 


Connect Oscillator to 8405A IF output A. Set Oscillator frequency to 19.9 kHz and amplitude for 
10 mV rms at the 8405A IF OUT terminals. 


Connect Oscilloscope vertical input to ungrounded side of A11C17 (XA11, pin 5). 


Set Oscilloscope for internal sync and sweep time to display about one cycle of the sampling wave- 
form. Magnify Oscilloscope horizontal display 10X and position the waveform to view the negative- 
going slope. Trim Test Oscillator frequency to reduce amplitude instability on the display. 


Adjust Symmetry Control A11R23 until the negative slope of the sampling waveform resembles a 
staircase. See typical waveforms in Figure 5. 


Typical Sampling Waveform When A11R23 Typical Sampling Waveform When A11R23 
Properly Adjusted. Improperly Adjusted. 


Figure 2E. Typical Sampling Waveforms 
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j. Reinsert IF Sampler assembly A11 without the extender. 
k. Plug in Assemblies A3 and A4 (all circuit boards should now be plugged into their sockets). 
NOTE 
It is possible to install the A3 and A4 circuit boards in their slot holders 


and not intheir sockets. Whenever installing either circuit board, be sure 
it is plugged into its socket and not just slot holder. 


5B. PULSE GENERATOR AND SAMPLER. 


a. Connect test equipment as shown in Figure 2F. 


OSCILLOSCOPE 


SQUARE WAVE 
GENERATOR 


©) 


50-Ohm Load Our 
Probe Tee 

Power Splitter 
N-BNC Adapter 


wi aN — 


Figure 2F. Setup for Pulse Generator 
and Sampler Adjustments 


b. Connect Oscilloscope vertical input to rear-panel 20 kHz IF output A. Set Oscilloscope for internal 
triggering on the positive slope of the waveform. 


c. Set 8405A FREQ RANGE to the 500-1000 MHz position. Other control settings are optional. 

d. Set Square Wave Generator frequency to about 180 kHz and adjust output amplitude to obtain about 
200 mV p-p Oscilloscope display. Adjust Oscilloscope triggering sensitivity until sweep just triggers. 
Waveform should approximate a square wave as shown below. 


e, Adjust pulse generator bias control A15R3 to peak the leading edge of the Oscilloscope waveform. 


f. Adjust Channel A sampler bias control A3R20 for 100% sampling efficiency. Sampling efficiency is 


100% when the top of the waveform is nearly flat. See typical waveforms in Figure 2G. 


< 100% > 100% 


Figure 2G. Typical Sampling Efficiency Waveforms 
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. Adjust Channel B sampler bias control A4R20 for 100% sampling efficiency. See typical waveforms 
in Figure 2G. 
Minimize sampling signal at probe tips as follows: 


(1) Connect the 8405A Channel A probe to the Oscilloscope vertical input with a probe-to-BNC 
adapter. 


(2) Adjust Symmetry control A3R15 to minimize the sampling signal. Minimum signal should 
not exceed 5 mV p-p. 


(3) Repeat steps 1 and 2 for Channel B probe adjusting Symmetry Control A4R15. 
i. Repeat procedure of steps a through h to assure sampling efficiency is properly adjusted. 


j. If ripple on power supply voltages was excessive at initial measurement, check ripple again. 
Ripple should be normal. 


dC. SEARCH SPEED. 


a. Connect test equipment as shown in Figure 2H. 


OSCILLOSCOPE 


VERT 
IN 


10-1000 MHz 
SIGNAL GENERATOR 


One 
Ox 


FREQUENCY COUNTER 
— 


8405A 


0 3|-Saat 


2OkHz LF 
A Bo OO exe) OUT A (REAR) 


1. 50-Ohm Load 
2.- Probe Tee 
5. Power Splitter 


Figure 2H. Setup for Search Speed Adjustment 


Put Search assembly A12 on extender A26. 
Direct couple Oscilloscope vertical input to the junction of A12Q7 base and A12R25 slider. 


. Set Signal Generator frequency to 80 MHz and adjust output amplitude to obtain 100 mV AMPLITUDE 
meter reading for Channel A. 


. Set 8405A FREQ RANGE to 60-120 MHz, other settings are optional. 


Oscilloscope display should be sawtooth waveform. Adjust Search Speed control A12R25 so average 
voltage of sawtooth is zero. 
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Reinsert Search assembly A12 without the extender. 
Readjust the frequency of the 20 kHz internal reference oscillator as follows: 
(1) Connect Frequency Counter to 20 kHz IF output A. 


(2) Adjust Frequency control A11R24 to obtain Frequency Counter reading of 20 kHz. If control 
action prevents precise adjustment, 20 kHz +10 Hz is acceptable. 


6. RF SECTION ADJUST. 
6A. CHANNEL A AND B LOW FREQUENCY RF GAIN 


a. Connect test equipment as shown in Figure 2J using the 10 - 450 MHz Signal Generator. 


10 - 450 MHz 450 - 1000 MHz 
SIGNAL GENERATOR SIGNAL GENERATOR 


RF POWER 
METER 


5. Power splitter 
|. 50Q Load 8. Low pass filter 
2. Probe tee 10. Thermistor mount 


Figure 2J. Setup for RF Gain and Delay Line Adjustments 


b. Set 8405A controls as follows: 
AMPLITUDE CHANNEL 
FREQ RANGE - MHz 
AMPLITUDE RANGE 


Other control settings optional. 


Set Signal Generator frequency to 100 MHz and adjust output level to obtain 0.0 dBm reading on 
RF Power Meter. Remove Thermistor Mount and replace with Channel B Probe Tee. 


NOTE 


Before removing Thermistor Mount from setup, note Channel A 
AMPLITUDE meter reading. After replacing Thermistor Mount 
with Channel B Probe Tee, readjust Signal Generator output level 
for previously noted Channel A AMPLITUDE meter reading. 
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Adjust Gain Control A4R5 to make 8405A AMPLITUDE meter read 0 dBm. 
Set AMPLITUDE CHANNEL selector to A. 
Interchange Probes A and B. 


. Adjust Gain Control A3R5 to make 8405A AMPLITUDE meter read 0 dBm. 
NOTE 

If 8405A Meter will not adjust up to 0 dBm, adjust A11R24 for peak meter reading and repeat 
step c. If A11R24 is adjusted, repeat Channel B RF Gain adjust. For 8405A instruments, 
serial numbered 942-02860 and below, it may be necessary to change A3R5 and A4R5 to a 
500-ohm potentiometer, HP Part Number 2100-1747 to obtain a greater adjustment range. 
Also, as part of the change, remove resistors A3R27 and A4R27 and replace each of them 
with a shorting wire. 


h. With signal source set to minimum, connect test equipment as shown in Figure 2K. 


1-10 MHZ 
SIGNAL GENERATOR 


RF OUTPUT 


5 HOMOH [Leerele 
. Probe tee RF 


. Power Splitter MILLIVOLTMETER 


. Voltmeter, Probe tee 


Figure 2K. Setup for RF Gain Adjustment 


Set signal source for 1 MHz unmodulated signal and adjust output level for 0 dBm as indicated by 
calibrated RF voltmeter. 


Set 8405A FREQ RANGE so that APC UNLOCKED light goes out and range setting includes 
measurement frequency. Note Channel A amplitude meter reading. 


Remove 411A Probe Tee and replace with Channel B Probe Tee. If necessary, adjust signal gen- 
erator output for Channel A meter reading noted in step j. 


Change 8405A AMPLITUDE CHANNEL to B and RANGE to 0 dB. 


Channel B AMPLITUDE meter will, at 1 MHz, read low. Using gain control A4R5, adjust to about 
-0.2 dBm. 


. Interchange probes A and B. Channel A AMPLITUDE meter will, at 1 MHz read low. Using gain 
control A3R5, adjust to about -0.2 dBm. 


Recheck Channel A and B amplitude meter readings at 100 MHz as described in steps a through g. 
Channels A and B amplitude meters should now read above 0 dBm, but not more than +0.2 dBm. If 


necessary to readjust gain controls A4R5 and A3R5 at 100 MHz, it will be necessary to recheck the 
amplitude meter readings at 1 MHz. 
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6B. VOLTAGE ACCURACY (HIGH FREQUENCY). 


Using 1000 MHz Signal Generator, connect test equipment as shown in Figure 2J. 
b. Set 8405A controls as follows: 


AMPLITUDE EGHANNE GE ty cteto tine ore ste oe ne een ae meee 
FREQUENCY: RANGE Bye wee (reese a ss os eee se ee ee 1000 MHz 
AMPLITUDE RANGE. voces cece rs) ue see) eitslen ce es als arama 


c. Set Signal Generator frequency to 1000 MHz and adjust output level to obtain 0.0 dBm reading on 
RF Power Meter. Note Channel A AMPLITUDE meter reading. 


_ Remove Thermistor Mount andreplace with Channel B Probe and Probe Tee. If necessary, readjust 
Signal Generator output level for Channel A AMPLITUDE meter reading noted in step c. 


Set AMPLITUDE CHANNEL to B. Channel B AMPLITUDE meter should read high. Note and 
record reading. 


Remove Channel B Probe and replace with Channel A Probe. Channel A AMPLITUDE meter should 
read high. Record reading. 


Place Channel A Probe back in other Probe Tee and set up equipment as shown in Figure 2J. 


Set 8405A AMPLITUDE RANGE to +10 dB and switch RF Power Meter to +10 dB range. 


. Adjust Signal Generator output level to obtain +10 dBm reading. 


Note Channel A AMPLITUDE meter reading. 


k. Remove Thermistor Mount andreplace with Channel B Probe and Probe Tee. If necessary, readjust 
Signal Generator output level for Channel A AMPLITUDE meter reading noted in step j. 


m. Set AMPLITUDE CHANNEL to B. Note and record AMPLITUDE meter reading. 


n. Remove Channel B Probe and replace with Channel A Probe. Set AMPLITUDE CHANNEL to A 
and note and record AMPLITUDE meter reading. 


o. Depending upon your individual 8405A, the greatest amplitude measurement error may be at 0dBm 
or at +10 dBm. Having measured the amplitude error for each channel (steps e and m for 
Channel B; steps f andn for Channel A), set appropriate adjustment so that amplitude error is 
within specification for each channel; Just within specification at either the 0 or +10 dBm point. 

Channel Adjust 0dBm Specification +10 dBm Specification 
B A4R20 188 to 259 mV Pod TALOF. Ot Vi 


A A3R20 188 to 259 mV ave dance MON 


Minimize sampling signal at probe tip as follows: 


(1) Remove 8405A Probes from test setup, this procedure requires only an Oscilloscope. 
(2) Connect 8405A Channel A Probe to Oscilloscope verticalinput with a probe-to-BNC adapter. 


(3) Adjust Symmetry Control A3R15 to minimize sampling signal. Peak-to-peak signal level 
should not exceed 5 mV. 


(4) Repeat steps 2 and 3 for Channel B Probe adjusting Symmetry Control A4R15. 
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6C. DELAY LINE 


a. Connect test equipment as shown in Figure 2J using the 10 - 100 MHz Signal Generator. 
Connect Channel B probe in place of Thermistor Mount. 


Set 8405A controls as follows: 
AMPLITUDE CHANNEL 
FREQUENCY RANGE - MHz 


AMPLITUDE RANGE 


Set Signal Generator frequency to 10 MHz and adjust output level for-10dBm 8405A AMPLITUDE 
meter reading. 


. Adjust PHASE ZERO for 0 PHASE meter reading. 
Replace the 10 - 100 MHz Signal Generator with the 1000 MHz Generator. 
Set 84054 FREQ RANGE - MHz to 1000 MHz (fully ccw). 


Set Signal Generator frequency to 1000 MHz, and adjust output level for -10 dBm AMPLITUDE 
meter reading. 


Slowly reduce Signal Generator frequency through 50 MHz noting maximum and minimum PHASE 
meter readings. Reminder: the PHASE and AMPLITUDE meter pointers will flicker momentarily 
several times as the input frequency is changed. The flicker is caused by the automatic tuning and 


is normal. 


Set Signal Generator to the frequency in the 950-1000 MHz range which gives a PHASE meter read- 
ing half way between the maximum and minimum noted in step h. 


j. Set Delay Adjust to obtain 0 PHASE meter reading (refer to page 5-18 for Delay Adjust location). 
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Table 5-4. Front Panel Troubleshooting 


GENERAL: Using this procedure, trouble can be isolated to a general circuit section. To isolate 
trouble within a specific circuit section, refer to schematic diagrams or other trouble- 
shooting charts. 


1-10 MHz 
SIGNAL GENERATOR 


|. 50-Ohm Load 
2. Probe Tee 
5. Power Splitter 


PROCEDURE: a. Using setup shown above, set Signal Source for 1 MHz, 20 mV RMS output. 


b. Set 8405A controls as follows: FREQ RANGE full clockwise (1-4 MHz), 10 mV 
(-20 dBm), +60°, and OFFSET to 0°. 


In the indications Table below, an ''X"' indicates failure and an "ok" indicates 
normal operation. 


Starting in the upper left-hand corner, if the indication in the instrument agrees 
with that in the manual, read horizontally. If the indications do not agree, drop 
down one line. Repeat for each square. 


Channel A | Channel B APC UNLOCKED | APC UNLOCKED Circuit Section Trouble 


(Table 5-7) Phasemeter ckts: 
A5Q4-6, A6, A7, A8, 
A18Q4-6 

(Table 5-9) Channel B Ckts 


A5Q1-3 
AQ, A22 


ok 
Channel A or APC ckts 

XxX (Table 5-8) or +20V Power 
Supply (Table 5-5) 


-20V Power Supply (Table 
5-6), or All, A12 (Table 
5-8) or Primary Power ckt. 


NOTES: 1. Channels A and B should read 10 mV +5% depending upon Signal Source output level 
accuracy. Two channels should read within +2% of each other. 


Phase meter, using ZERO control, should be adjustable at least +15° about 0°. 
3. APC unlocked light should be out with FREQ RANGE switch fully clockwise (1-4 MHz). 


. APC unlocked light should be lit with FREQ RANGE switch fully counterclockwise 
(500-1000 MHz). 
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High Output fOutputdrops [tok 
VME Output same Q1 shorted 
Approximately 3.5V A16CR3 ok 
More than approximately 3.5V | A16CR3 open 


Table 5-5. +20 Volt Supply Troubleshooting 


Procedure 


1. Disconnect base of Q1 


2. Reconnect base of Q1. 
Measure voltage across A16CR3 


Output drops A16Q1 ok 
Output same A16Q1 shorted 
- Approximately 6.5V A16CR7 ok 


More than approximately 6.5V | A16CR7 open 
Output remains high A16Q3 open 


Short emitter to base A16Q1 


Measure voltage across 
A16CR7 


or 


Adjust A16R11 so base of 
A16Q3 goes more negative 


Low Output 
Voltage 


Measure voltage across A16CR3 


Less than approximately 3.5V | A16CR3 shorted 


Short emitter to collector A16Q1 


Approximately 6.5V A16CR7 ok 
Less than approximately 6.5V | A16CR7 shorted 


Approximately 6.5V (same A16Q3 shorted 
as A16CR7) 


Same as voltage at emitter A16Q2 shorted 


Lower than A16Q2 A16Q2 ok 
emitter voltage 


A16C2 shorted 
A16CR7 shorted 


No ripple A16Q3 open 
No ripple A16Q1 open 


3. Measure voltage across A16CR7 


4. Measure voltage at collector 
of A16Q3 


0. Measure voltage at collector 
of A16Q2 


High Ripple 1. Measure ripple at base of 


A16Q3 


2. Measure ripple at base of 
A16Q1 


3. Measure ripple at base of Q1 
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Symptom 


High Output 
Voltage 


Table 5-6. -20 Volt Supply Troubleshooting 


Output same Q2 shorted 
Approximately 3.5V A16CR10 ok 
More than approximately A16CR10 open 
o70V 


Output drops A16Q4 ok 
Output same A16Q4 shorted 


Approximately 6.1V A16CR14 ok 


More than approximately A16CR14 open 
G21 V 


Output remains high A16Q6 open 
Output lower but still high A16Q6 gain too low 


Approximately 3.5V A16CR10 ok 


Less than approximately A16CR10 shorted 
3.5V 


Output rises 
Approximately 6.1V A16CR14 ok 


Less than approximately A16CR14 shorted 

6.1V 

4. Measure voltage at Approximately 6.1V (same A16Q6 shorted 
collector of A16Q6 as A16CR14) 


Same as voltage at emitter A16Q5 shorted 
Lower than A16Q2 A16Q5 ok 
emitter voltage 

1. Measure ripple at base of 


No ripple A16C5 shorted 
poco A16CR14 shorted 
2. Measure ripple at base of No ripple A16Q6 open 
A16Q4 
3. Measure ripple at base of Q2 No ripple A16Q4 open 


1. Disconnect base of Q2 


2. Reconnect base of Q2 
Measure voltage across 
A16CR10 


3. Short emitter to base A16Q4 


4. Measure voltage across 
A16CR14 


o 


Adjust A16R23 so base of 
A16Q6 goes more negative 


Low Output 
Voltage 


1. Measure voltage across 
A16CR10 


2. Short emitter to collector 
A16Q4 


3. Measure voltage across 
A16CR14 


5. Measure voltage at collector 
of A16Q5. 


High Ripple 
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Table 5-7. Phase Meter Circuit Troubleshooting 


Symptom Procedure Indication Conclusion 
(See Note 1) (See Note 2) 


Meter Pegs 1. Check trigger pulses at bases of | Pulses are arriving Phase Inverter, 

+ and - 180° A8Q9 and A8Q10 simultaneously A6Q2-4 is defective 
As ZERO 

control is Pulses are not arriving OFFSET switch, 


adjusted simultaneously A21, is defective 


1. Check waveform at collector 
at A8Q9. 


Switch A8Q11-12 or 
Current Source 
A8Q13-15 is 
defective 


Meter Pegs 
+180° regard- 
less of ZERO 
control. Setting 
NOTE: -20 Volt 


Symmetrical square 
wave present 


DC supply may |2. Check for trigger pulses at Trigger pulses Multivibrator, 
be missing base of A8Q10 present A8Q9-10 is 
defective 


3. Check for square wave at 
XA8 (Pin 1). 


Square wave at XA8 
(Pin 1) and pulses at 
collector of A8Q1 


Driver, A8Q7 is 
defective 


Square wave at XA8 
(Pin 1) but no pulses at 
collector of A8Q1 


Amplifier, A8Q1, 
or Switch A8Q2-3 
is defective 


4. Check for square wave at 
XAT (Pin 1) 


No square wave Limiter, A5Q4, 


A5Q5, or A5Q6 is 


defective 
XA7 (Pin 1) square wave and) Limiter A7Q5-6 is 
sine wave at A7Q2 collector defective 
Square waves at XA7 Phase shifter 
(Pin 1) and A7Q1 A7Q2-4 is 


collector but no sine defective 


wave at A7Q2 collector 


Square wave at XA7 
(Pin 1) but not A7Q1 
collector 


A7Q1 is defective 


1. Check waveform 
at A8Q9 collector 


Meter Pegs 
-180° regard- 
less of ZERO 

control setting 


Symmetrical square 
wave present 


Switch A8Q11-12, 
or Current Source 
A8Q16-19, or 

OFFSET switch is 


NOTE: +20 defective 
volts DC supply 
may be missing} 2. Check for trigger pulses Trigger pulses present Multivibrator A8Q9- 
at A8Q9 base 10 is defective 
3. Check for square wave at Square wave at XA8 (Pin 15)} A8Q8 is defective 


XA8 (Pin 15) and pulses at A8Q4 


collector 


Square wave but no pulses 
at A844 collector 


A8Q4 or A8Q5-6 is 
defective 
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Table 5-7. Phase Meter Circuit Troubleshooting (Cont'd) 


Symptom Procedure Indication Conclusion 
(See Note 1) (See Note 2) 


q No square wave A18Q4, A18Q5, or 


A18Q6 is defective 
Meter needle, 


4. Check for square wave at 
XA6 (Pin 1) 


XA6 (Pin 1) Square wave 
and sine wave at A6@4 
collector 


Limiter A6Q5-6 is 
defective 


Phase Inverter 
A6Q2-4 is defective 


Square wave at XA6 (Pin 1) 
and A6Q1 collector but no 
sine wave at A6Q4 collector 


Square wave at XA6 (Pin 1) A6Q!1 is defective 
but not A6Q1 collector 


Symmetrical Square wave 


1. Check waveform at A8Q9 Phase meter section 


using ZERO collector out of adjustment: 
control, is Refer to adjustment 
adjustable procedure, Section 
but not V. 

symmetrically 

about 0° Square wave not Phase Inverter 


A6Q2-4 or Phase 
Shifter A7Q2-4 
is defective 


No meter deflection Defective meter 


Meter deflection One or both wires 
connecting meter 
to circuitry must 
be broken. 


0 volts at A6 (Pin 8) Phase inverter 
A6Q3-4 is defective 


symmetrical 


1. Remove 8405A power cord 
and connect ohmmeter 
across phase meter 
terminals 


No meter 
movement, 
meter 
reads 0° 


1. Set OFFSET switch to 
any setting between -90° and 


Phase meter 
trouble exists 


only for -180° or +100° and +180° 

OFFSET and measure DC voltage at +20 volts at A6 (Pin 8) The section of 
settings A6 (Pin 8) OFFSET switch 
from -90° to A21S1A/B which 
-180° and operates A6Q2-3 
+100° to is defective 
+180° (See 


Note 3) 


. Test setup and 8405A control settings are same as for front 
panel troubleshooting Table 5-4. 


. All sine waves and square waves are 20 kHz; pulses have 
20 kHz repetition rates. 


The Phase Meter Offset control is intended for use ONLY when a definite phase 
angle exists between the two input probes. Misuse of the Offset control makes a 
good 8405A appear bad. For example, with an input phase angle of 0°, setting 
the Offset control between +100 and +180 or between -90 and -180 will cause 

the Phase Meter to "peg", this is entirely normal. 
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Table 5-8. Channel A and APC Troubleshooting 


Symptom Procedure Indication Conclusion 
(Note 1) 


APC lamp 


Rear panel -20V 


1. Check for -20 volts DC at No -20 Volts DC 
does not XA12 (Pin 11) fuse or -20 Volt 
light with Power Supply is 
FREQ RANGE defective(Table 5-6) 


switch set to 
500-1000 MHz 


2. Check for 20 MHz 
oscillator signal at XA12 
(Pin 10) 


Reference 
Oscillator 
A11Q4-5 is 
defective 


No -15 volts DC Lamp driver 
A12Q6 
is defective 
-15 volts DC ok APC unlocked 
lamp is defective 


No +20 volts DC Rear panel +20V 
fuse or +20 V 
Power Supply is 
defective (Table 5-5) 


A13 Assy is 
defective (Probably 
bad capacitor or 
changed value 
resistor), or 
FREQ RANGE 
switch A24S1 is 
defective. 


No 20 MHz Signal 


. Check for -15 volts 
DC at XA12 (Pin 7) 


APC lamp 
remains lit 
with switch 
set to 1-4 

MHz 


1. Check for +20 volts 
DC at XA12 (Pin 12) 


APC Lamp goes out 
and meters indicate 
readings 


. Change Signal Source Fre- 
quency and 8405A FREQ 
RANGE switch to about 

8-10 MHz. 


. Remove Probe A circuit board 
Assy from probe cable socket 
and replace with Probe B 

circuit board Assy. 


Probe A circuit 
board assembly 
is defective, 


APC lamp goes out and 
meters indicate readings. 


. Remove Probe board from 
cable assembly. Turn 8405A 
off and check cable for 

open-circuits. 


. Replace Probe A board 
assembly in cable assembly. 
Check for search ramp at 

XA12 - Pin 1. 


Ramp signal as shown 
opposite page 7-15. 


Al4 Assembly, 
A15 Assembly, 
A24S1 FREQ 

RANGE switch 
or Al9 Decoupling 
Diode is defective. 


NOTE: 
1. Test setup and 8405A control settings are same as for Table 5-4. 


2. If a probe board is replaced, the Adjustment Procedure Table 5-3 
must be done. Remove board only after some indication that the 
probe is faulty. To remove board remove setscrew marked "Do 

not remove this screw" in Fig. 7-5. To replace board be sure key 

on plug is aligned with key on socket. 
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Table 5-9. Channel B Circuit Troubleshooting 


Sympton Procedure Indication Conclusion 
(See Note 1) 


CHANNEL B 


1. Isolate trouble within IF amplifier IF Amplifier 


IF OUTPUT A18Q1-3by CHANNEL BIF TUNING A18Q1-3 is 
waveform is AND GAIN Adjustment procedure defective. 
a 20 kHz (Table 5-3 part 3B). 

sine wave of 

about 


10 mV rms 
(28 mV pk-pk) 


CHANNEL B 


1. Check for pulse output at XA4-Pin No Pulses Resistor A15R2, 


IF OUTPUT 4 (Compare with pulses at XA3- or Al7 Delay 

is much Pin 4). These two pictures line, A19 or A20 
less than should look the same. Decoupling Diode 
10 mV or Assy is defective 
there is 


no output 2. Check for pulse output at probe Pulses ok 
tip (compare with CHANNEL A 
probe tip). These two pictures 


should look the same. 


Probe B amplifier 
A2A1Q1 or A4 
Assy Amplifier 
A4Q1 is defective 


Pulses much 
larger than those 
at CHANNEL A 

probe tip. 


Probe B diodes, 
or Amplifier A4Q2 
defective 


Probe B Circuit 
Assy, probe cable, 
or A4T1 defective, 
-~Or- 
A4 Assy out of 
adjustment. Refer 
to PULSE 
generator and 
sampler adjust 


Pulses very 
small (or no pulses 
at all) 


Table 5-3 
. Remove Probe B circuit board Pulses ok Probe B circuit 
Assy from its socket. Replace board Assy ok 
Probe A circuit board Assy in 
Channel A cable with Probe B Pulses too large, Probe B circuit 
circuit board Assy. Repeat too small, or no board Assy 


step 2 above to determine if defective 
Probe B circuit board is 


defective 


pulses at all 


NOTE: 


1. TEST Setup and 8405A control settings are same 
as for Table 5-4. 
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Model 8405A 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering 
Table 6-1 lists parts in alpha- 
numerical order of their reference designations and 
indicates the description and HP stock number of each 
Table 6-2 


replacement parts. 


SECTION VI 


REPLACEABLE PARTS 


part, together with any applicable notes. 


lists parts in alpha-numerical order of their HP stock 
number and provides the following information on 


each part: 


a. Description of the part (see list of abbreviations 


below). 


Section VI 


6-3. Miscellaneous parts are listed at the end of 


Table 6-1. 


6- 4. ORDERING INFORMATION. 


6-5. To obtain replacement parts, address order or 
inquiry to your local Hewlett-Packard sales and serv- 
ice office (see lists at rear of this manual). 


Identify 


parts by Hewlett-Packard stock number. 


6-6. 


ae 


b. Typical manufacturer of the part in a five-digit 
code; see list of manufacturers in Table 6-3. 


c. Manufacturer's part number. 
p 


d. Total quantity used in the instrument (TQcolumn). 


Qa 
ae] 
nouuw tow ob dw wou 


> 

y 

Q 
woud 


ee] 
mq 
nionwn wow 


io) 
ie) 
s 
as) 
Poe Tae eee 


0 
Be) 
nou 


is] 
Z 
ie) 
> 
ae] 
won ou 


ee} 
= 
Hono a 


Q 
ic) 
noun a 


01194-13 


assembly 

motor 

battery 

capacitor 

coupler 

diode 

delay line 

device signaling (lamp) 
misc electronic part 


amperes 
automatic frequency control 
amplifier 


beat frequency oscillator 
beryllium copper 

binder head 

bandpass 

brass 

backward wave oscillator 


counter-—clockwise 
ceramic 

cabinet mount only 
coefficient 
common 
composition 
complete 
connector 
cadmium plate 
cathode-ray tube 
clockwise 


deposited carbon 
drive 


electrolytic 
encapsulated 
external 


farads 

flat head 
fillister head 
fixed 

giga (109) 
germanium 
glass 
ground(ed) 


ie Rea a 


nouow t wou 


hououw wo uu 


iT} 


He ea 


ROR Se ie ae 


REFERENCE DESIGNATORS 


fuse MP 
filter Pp 
integrated circuit Q 
jack R 
relay RT 
inductor Ss 
loud speaker a8 
meter TB 
microphone TP 
ABBREVIATIONS 
henries N/O 
hardware NPO 
hexagonal 
mercury 
hour(s) NPN 
hertz 
intermediate freq NRFR 
impregnated 
incandescent NSR 
include(s) 
insulation(ed) 
: OBD 
internal OH 
kilo = 1000 OX 
left hand Be 
linear taper PF 
lock washer 
logarithmic taper 
: PH BRZ 
low pass filter PHL 
AP = PIV 
milli = 1073 
meg = 108 Me 
metal film 
metallic oxide ie 
manufacturer 
PORC 
mega hertz POS 
miniature POT 
momentary 
; PP 
mounting PT 
Lal " 
mylar PWV 
nano (1079) RECT 
normally closed RF 
neon RH 


nickel plate 


"oul Ae Woe 


Hou ou tout ul I 


nou ow ou 


nouw wou nt ou u 


now ou 


Description of part 


mechanical part 
plug 

transistor 
resistor 
thermistor 
switch 
transformer 
terminal board 
test point 


normally open 
negative positive zero 
(zero temperature 
coefficient) 
negative-positive- 
negative 

not recommended for 
field replacement 

not separately 
replaceable 


order by description 
oval head 
oxide 


peak 
printed circuit 


picofarads = 10712 
farads 

phosphor bronze 
Phillips 


peak inverse voltage 
positive-negative- 
positive 

part of 

polystyrene 
porcelain 

position(s) 
potentiometer 
peak-to-peak 

point 

peak working voltage 


rectifier 

radio frequency 
round head or 
right hand 


Instrument model number 


Instrument serial number 


Function and location of part. 


NKxKX=SES OS 


SECT 
SEMICON 


bhououw wow 


iouou 


He A te eae: ieee 


tou i ouw t bot wou 


Hou 


To obtain a part not listed, include: 


vacuum, tube, neon 
bulb, photocell, etc. 
voltage regulator 
cable 

socket 

crystal 

tuned cavity, 
network 


rack mount only 
root-mean square 
reverse working 
voltage 


slow-blow 
screw 
selenium 
section(s) 
semiconductor 
silicon 

silver 

slide 

spring 

special 
stainless steel 
split ring 
steel 


tantalum 

time delay 

toggle 

thread 

titanium 

tolerance 

trimmer 

traveling wave tube 


micro = 1076 


variable 

de working volts 
with 

watts 

working inverse 
voltage 
wirewound 
without 
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Table 6-1. Reference Designation Index 


stn bes? 


A2Al1 


A2A1MPL 


A3 


6-2 


5020-0457 


00167-42106 


08405-6055 


08405-6047 


08405-6054 


08405-2032 


08405-6055 


08405-6047 


08405-6054 


5020-0457 


C8405-6002 


0180-0160 


0140-0194 
0180-0374 
0180-0374 
0180-0374 
C18C-—0100 


0160-2055 
0160-0174 
0160-0174 
0160-2139 
0160-2139 


0160-2139 
0160-2139 


1854-0071 
1854-0071 
0757-C279S 


0757-0279 
0757-0424 
0698-3155 
2100-1757 
0698-3157 


06S8-3157 
0698-3438 
0757-0279 
0757-0438 


PROBE TIP 


RING: IDENT BLUE 
HOUSING ASSY:2PROBE 


CABLE ASSY:SPECIAL COAX 
INCL PROBE &PANEL BOOT & BD ASSY SOCKET 


BOARD ASSY:PROBE 
NOT RECOMMENDED FOR FIELD REPLACEMENT 


RING: IOENT WHITE 
HOUSING ASSY:PROBE 


CABLE ASSY:SPECLAL COAX 
INCL PROBE &PANEL BOOT & BD ASSY SOCKET 


BOARD ASSY:RROBE 
NOT RECOMMENDED FOR FIELD REPLACEMENT 


PROBE TIP 
BOARD ASSY:SAMPLER 
CsFXD ELECT 4-7 UF 10% 35V0CW 


C:FXD MICA 110 PF 5% 

C:FXD ELECT 10 UF 102 20VDCW 
C>FXD ELECT 10 UF 102% 20VD0CW 
C:FXD ELECT 10 UF 10% 20VDCW 
CsFXD ELECT 4-7 UF 10% 35VDCW 


C:FXD CER 0.01 UF +80-202 100VDCW 
C:FXD CER 0247 UF +80-202 25VDCW 
C:F&XD CER 0.47 UF +80-20% 25V0CW 
C2FXO CER 220 PF +80-20% 1000VOCW 
C:FXD CER 220 PF +80-202 1LOOOVDCW 


C2FXD CER 220 PF +80-20% LODOVDCW 
CzFXD CER 220 PF +80-202 1L000VDCW 


TRANSISTOR: SILICON NPN 
TRANSISTOR: SILICON NPN 
Rs FXD MET FLM 3.16K OHM 1/8W 


Rs FXD MET FLM 3.216K QHM 1/8wW 
R2FXD MET FLM 1.210K OHM 1/8W 
R2FXD MET FLM 4.64K OHM 1/8\ 
R2 VAR Ww 500 OHM 5% 1W 

R:FXD MET FLM 19.6K OHM 1/38W 


R3FXD MET FLM 19.6K OHM 1% 1/8 
RSFXD MET FLM 147 OHM 12 1/8W 

R2FXD MET FLM 3.16K OHM 12 1/8W 
R2FXD MET FLM 5.11K OHM 12 1/8W 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Bint ép Part No. Description # 


0757-1078 R2FXD MET FLM 1247K OQHM 1% 1/2W 


O757-C4Cl1 R2FXD MET FLM 100 OHM 1% 1/8W 
0698-3407 R2FXD MET FLM 1.96K OHM 1% 1/2 
0757-0440 RSsF—XO MET FLM 7.50K OHM 1% 1/8 


2100-1761 R: VAR WW LOK OHM 52 1w 


0698-3150 R2FEXO MET F&M 2.37K OHM 12 1/88 


0698-3157 R2&XO MET FLM 19.6K OHM 12% 1/8W 
0698-3157 R2FXD MET FLM 19.6K GHM 1% 1/8W 
0698-3157 R:FXD MET FLM 19.6K OHM 12 1/80 


2100-0942 R2 VAR FLM 50K GHM 202 3/4W 


0757-0254 R:FXD MET FLM 17.8 OHM 1% 1/8W 


0698-3437 RsFXD MET FLM 133 OHM 12% 1/8W 
0698-3437 RsFXD MET FLM 133 OHM 12 1/8W 
0698-3437 R3FXD MET FLM 133 OHM 1% 1/8W 


0698-3437 RsFXD MET FLM 133 OHM 12 1/8W 


RS —XD MET FLM 17.8 CHM 12 1/8W 
DELETED CREPLACED WITH A SHORT) 


0757-0254 


08405-8C0l TRANSFORMER SBALUN 


ASSY: SAMPLER 


08405-60C2 BOARD 


ELECT 4.7 UF 102% 35VOCW 


0180-6100 C3 FXD 


CzFXD MICA 110 PF 52% 
C:FXD ELECT 10 UF 102 20VDCW 
C:fXO ELECT 10 UF 102% 20VDCW 
CsFXO ELECT 10 UF 102 20VDCW 
C2FXD ELECT 4.7 UF 102 35VDCW 


0140-0194 
0180-0374 
0180-0374 
0180-0374 
0180-0100 


0160-2055 C:FXD CER 0.01 UF +80-202 1OOVOCW 


0160-0174 CzFXD CER 0.47 UF 480-202 25VDCW 
0160-0174 Cs FXD CER 0.47 UF +80-202 25VDCW 
0160-2139 CsFXO CER 220 PF +80—-202 1O000VOCW 
0160-213S C:FXD CER 220 PF +80-20% 1LOOOVOCW 


C:FXD CER 220 PF +80-202% 1000VDCW 
C:FXD CER 220 PF +80-20% 1LOOOVOCW 


0160-2135 
0160-2139 


TRANSISTOR: SILECON NPN 


1854-0071 


1854-0071 TRANSISTOR: SILICON NPN 


0757-0279 R:FXD MET FLM 3.16K OHM 12 1/8W 


0757-0279 R3:FXD MET FLM 3.16K OHM 12% 1/8W 


0757-0424 R2FXO MET FLM 1.210K OHM 1% 1/8W 
0696-3155 Rs FXD MET FLM 4.64K OHM 12 1/88 
21LOO= iy, K3 VAR WwW 500 OHM 52 1wW 


0698-3157 Rs FXD MET FLM 19.6K 1/8 


RsFXD MET FLM 19.6K OHM 1% 1/8W 
R2FXO MET FLM 147 OHM 1% 1/8W 

R:—XD MET FLM 3.216K OHM 12 1/80 
R3—XD MET FLM 5.211K OHM 1% 1/8« 


0698-3157 
069 &—-3438 
0757-0275 
0757-0438 


# See introduction to this section for ordering information 
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Table 6-1. Reference Designation Index (Cont'd) 


Reference 


0757-1078 R:FXD MET FLM 1.47K OHM 12% 1/26 
0757-C401 R3F—XD MET FLM 100 OHM 1% 1/8W 

0698-3407 R:FXD MET FLM 1.96K OHM 12 1/2W 
0757-6440 R2FXD MET FLM 7.50K OHM 12 1/8W 


2100-1761 R2 VAR WW 10K OHM 52 1W 


R3FXD MET FLM 2.37K OHM 1% 1/8W 
R3FXD MET FLM 19.-6K OHM 1% 1/8W 
R2:—XD MET FLM 19.6K OHM 12% 1/84 
R3sFXD FLM 19,6K OHM 1% 1/8W 
Rs VAR FLM 50K OHM 20% 3/4W 


0658-3150 
0698-3157 
0698-3157 
0696-3157 
2100-0942 


0757-0294 R2fXD MET FLM 17.8 OHM 12 1/8W 


0698-3437 R:FXD MET FLM 133 OHM 12 1/8W 
0698-3437 R2FXD MET FLM 133 OHM 12 1/8W 
0698-3437 R2:FXD MET FLM 133 OHM 1% 1/8W 


0698-3437 R2FXD MET FLM 133 OHM 1% 1/8W 


R2FXD MET FLM 17.8 OHM 12 1/8W 
DELETED CREPLACED WITH A SHORT) 


0757-0254 


08405-8001 TRANSFORMER: BALUN 


ASSY:ISGLATIGN AMP. 


08405-60C3 BOARD 


0180-0100 CzFXD ELECT 4.7 UF 10% 35VDCW 


0150-0121 C:€XD CER O21 UF +80-20% 50V0CK 


0180-0137 CzFXD ELECT 100 UF 202 1OVOCh 
0160-2126 C:FXD MICA O.OL1UF 12% 

0180-0100 C2FXO ELECT 4.7 UF 102 35V0CW 
0180-0100 CzFXD ELECT 4.7 UF 102 35V0CW 


C:FXD ELECT 0.022,UF 10% 35VDCW 


0180-2071 


c180-0100 CzFXD ELECT 4.7 UF 10% 35V0CW 
0180-0100 CzFXD ELECT 4.7 UF 102 35VDCW 
01860-0100 C3FXD ELECT 


ef UF 102 35VOCW 
ef 


4 
0180-0100 C:FXD ELECT 4 UF 10% 35VOCW 


CzFXD ELECT 4.7 UF 102% 35VDCW 


c18c—0100 


0180-0100 C:FXO ELECT 4.7 UF 10% 35VD0CW 
0180-0100 CsFXD ELECT 4.7 UF 102 35VDCW 
0186-0100 CzFXD ELECT 4.7 UF 10% 35V.0CW 


0160-2143 C:&XD CER 2000 PF +80—-202% 100O0VDGW 


0160-2261 Cz:FXD CER 15 PF 5% SOOVDCW 


DLODES:SILICGN MATCHED PAIR 
PART OF ASCR1 


084C5-8004 


910C-17195 COITLZVAR 


9140-0114 COILSFXD RF 10 UH 


5020-2045 CARD EXTRACTOR 


# See introduction to this section for ordering information 
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Table 6-1. Reference Designation Index (Cont'd) 


ree: ¢p Part No. Description # 


1854-CO71l TRANSISTOR: SILICON NPR 


1854-CC71 TRANSISTOR: SILICON NPN 
1854-0071 TRANSISTOR: SILICON NPN 
1854-OC 71 TRANSISTOR: SILICON NPN 
1854-0071 TRANSISTOR: SILICON NPN 
1854-O0C71 TRANSISTGR:SILICON NPN 


0757-0459 RS FXD MET FLM 56.22K GHM 


0698-3157 R:FXD MET FLM 19.6K GQHM 
0698-3157 R2FXO MET FLM 19.6K OHM 
0757-0442 R3FXD MET FLM 10.0K OHM 
069 8&—3160 R3FXD MET FLM 31.6K OHM 
0757-C280 R3FXD MET FLM LK OHM 12 


0757-0444 R3FXD MET FLM 12.1K ORM 

06S &-0083 R> FXO MET FLM 1.96K OHM 
NUT ASSIGNED 

0757-0442 R2FXO MET FLM 10.0K GHM 

2100-1760 Ks VAR WW 5K OHM 5% lw 


0757-0447 R2FXD MET FLM 1622K OFM 
0757-C278 Rs FXD MET FLM 1.78K GHM 
0757-0428 R2FXD MET FLM 1.62K OHM 
0757-C4228 Rz—XD MET 1<62K OHM 
0757-0288 R3FXD MET 9-09K OHM 


0757-0438 Rs FXD MET 5e11K OHM 
0757-0280 R2FXD MET 1K OM 12 
0757-0394 Rs&XD MET 51-1 OM 1% 1/8W 
0698-3444 R2FXD MET 316 OHM 12% 1/8W 
0757-0280 R2FXD MET 1K OHM 12 1/8W 


0698-3441 R2FXO MET 215 OHM 1% 1/8W 
0698-3153 R3FXD MET 3-83K OHM 1% 1/8 
0757-0439 Rs&XD MET 6e81K OHM 12 1/8 
0698-0082 R2 FXO MET 464 OHM 12 1/8W 
0698-3155 RsFXD MET 4-64K OHM 12 1/48W 


0698-3136 R2FXO MET 17.8K OHM 1% 1/8wb 
0698-3406 R2FXD MET 1.33K OHM 1% 1/2W 
0698-3438 R3FXD MET FLM 147 OHM 1% 1/8W 

069 &-0084 RSFXD MET FLM 2.215K OHM 12% 1/8 


68405-6006 BOARD ASSY:180 DEG. SWITCH 
018C-01C00 C2FXD ELECT 4.7 UF 102 35VDCW 


018C-0100 C>FXO ELECT 4.7 UF 102 35V0CW 
0180-0100 C:FXD ELECT 4.7 UF 10% 35VDCW 
0140-0235 C3 FXO MICA 2250PF 1% 300VDCW 
0180-0100 C:FXD ELECT UF 102 35V0CW 
0186-C100 C3FXD ELECT UF 102% 35VO0CW 


018C-—0100 Cz&XO ELECT 102% 35VDCW 
0180-0100 C:FXD ELECT 102 35VDCW 
0180-01060 C:FXD ELECT 10% 35VDCW 
0180-0100 C:FXD ELECT 10% 35VDCW 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference art 


0160-2120 C:FXD MICA O.OLUF 12 

0186-0100 C:FXD ELECT 4.7 UF 102 35V0CW 
0180-0100 Cz:FXD ELECT 4.7 UF 10% 35VD0CW 
0180-0100 CsfXD ELECT 4.7 102 35VDCW 
0180-0100 CsFXO ELECT 4.7 10% 35VDCW 


0180-0100 CsFXD ELECT 4.7 102% 35VDCW 
0180-0100 CzFXD ELECT 4.7 10% 35VDCW 
0160-2261 C:—XD CER 15 PF 500VDCW 
0166-2261 C2FXO CER 15 PF 500VDCW 
0160-2261 C2FXO CER 15 PF 500VDCW 


084C5—-8004 DLODES:SILICON MATCHED PALR 
PART OF A6CR1 


1901-0040 DIGDE:SILICON 30MA 30WV 
1901-0040 DIGDESSILICON 30MA 30WV 


9100-1718 COIL:VAR 
5020-2045 CARD EXTRACTOR 
1854-0071 TRANSISTOR:SILICON NPN 


1854-CO71 TRANSISTOR: SILICON NPN 
1854-0071 TRANSISTOR:SILICON NPN 
1854-0071 TRANSISTOR: SILICON NPN 
1854-GCC71 TRANSISTOR:SILICOGN NPN 
1854-0071 TRANSISTOR: SILICGN NPN 


06S &-0082 R:FXD MET FLM 464 OHM 12 1/8W 


0696-3155 RsFXD MET FLM 4.64K OHM 1% 1/8W 
0698-3136 R3sE—XD MET FLM 17.8K OHM 12% 1/84 
0696-3406 RzFXD MET FLM 1.233K OHM 12% 1/24 
0698-3438 R2FXD MET F&M 147 OHM 12 1/8W 

0757-0289 R= FXD FLM 13.3K OHM 1/8W 


0757-C439 R2FXD FLM 6.81K OHM 1/8W 
0757-0200 R2&XD FLM 5.62K OHM 1/8 
0757-1C94 R3FXD FLM 1.47K OHM 1/8w 
0757-0123 R2FXD FLM 34.8K OHM 1/8 
0757-0420 R2FXD FLM 750 OHM 12 1/8W 


0698-3153 R:FXD 3-83K OHM 12% 1/8W 
0757-0465 Rs FXO FLM 100K OHM 12 1/8W 
0698-3161 Rs FXO FLM 38.3K OHM 12% 1/8W 
0698-3159 R=FXD FLM 26.1K OHM 1% 1/8W 
0757-0199 R:FXD 21.-5K OHM 12 1/8W 


0757-C199 R:FXD 21.5K QHM 1% 1/84 
0698-3162 R2FXD 46-4K OHM 12 1/8W 
0751-0466 R2 FXD 110K OHM 12% 1/8W 
0698-3153 R2FXD 3-83K OQHM 1% 1/8W 
0698-3153 R: FXO 3-83K OHM 1% 1/8W 


0757-0200 R2FXD 5e62K OHM 1% 1/8b 
0698-0083 R:2FXD 1.96K OHM 1% 1/8W 
0757-0466 R3 FXD 110K OHM 12 1/8W 

0698-3162 Rz FXD 46-4K OHM 1% 1/8 


# See introduction to this section for ordering information 
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Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Bbcteranan ¢p Part No. Description # 


069£&-0084 R2FXD MET FLM 2.15K OHM 12 1/8W 
0698-3445 R2FXD MET FLM 28.7K QHM 12 1/84 
06S &-3440 R3F—XD MET FLM 196 OHM 12% 1/8W 
0757-0401 R3FXD MET FLM 100 OHM 1% 1/48W 
0698-3440 R2FXD MET FLM 196 OHM 1% 1/8W 


08405-6005 BOARD ASSY:PHASE SHIFTER 
0180-0100 C3FXD ELECT 10% 35VO0CwW 


0180-0100 CzFXD ELECT 102 35VDCW 
0180-C100 C2 FXD ELECT 10% 35VDCW 
018C-01C0 C:FXD ELECT 10% 35VDCW 
018C-0100 C:FXD ELECT 10% 35VDCW 
0160-2127 C:&XD 12 


0160-2127 C:FXD MICA 4600 12 
0160-2120 C:FXD MICA O.OLUF 12 
0180-0100 C3FXD ELECT 10% 35VDCW 
0180-0100 CzFXDO ELECT 10% 35VDCW 
0180-0100 CsFXD ELECT 102% 35VOCW 


0180-0100 CzFXD ELECT 102 35VOCW 
018C-0106 C3FxD ELECT 10% 35VOCW 
0180-0100 C:FXD ELECT 102% 35VDCW 
0180-0100 C:FXD ELECT 102 35V0CW 
0180-0100 CzFXO ELECT 102 35V0CW 


0180-0100 Cs&XDO ELECT 10% 35V0CW 
0160-2261 CsFXDO CER 15 PF 500VDCW 
0160-2261 C:&XD CER 15 PF 500VDCW 


08405-8004 DIODES: SILICON MATCHED PAIR 
PART OF ATCRI 


1902-0025 DIGDE,sBREAKDOWN:10.0V 5% 400 MW 
9100-1718 COILZ VAR 

5020-2045 CARD EXTRACTOR 

1854-0071 TRANSISTOR2SILICON NPN 


1854-0071 TRANSISTOR: SILICON NPR 
1854-0071 TRANSISTOR:SILICGN NPN 
1854-0071 TRANSISTOR: SILICON NPN 
1854-0071 TRANSISTOR:SILICON NPN 
1854-0071 TRANSISTOR: SILICON NPN 


06S €-0082 R:FXD MET FLM 464 OHM 1% 1/8u 


0698-3155 R2FXD MET FLA 4.64K OHM 12 1/8W 
0698-3136 R2FXD MET FLM 17.8K OHM 12 1/88 
0698-3406 R2FXO MET FLM 1.233K OHM 12% 1/20 
0698-3438 RsF—XO MET FLM 147 QHM 12 1/8W 

069 8&-0083 R3FXD FLM 1.96K OHM 12 1/8W 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference aaa 
fp Part No. Description # 


0757-0465 R2FXD MET F&M 100K OHM 12 1/8W 


075747-C260 R2—XD MET FLM 1K OHM 12 1/8W 
0757-0465 K2FXD MET FLM 100K OHM 12 1/8W 
06$8-3151 R3FXD MET FLM 2.87K OHM 12 1/48W 


0757-1054 R3FXO MET 1.47K OHM 1% 1/8W 


0757-C199 R2FXD MET FLM 21.5K OHM 1% 1/8W 


0757-04€5 R2FXD MET FL4M 100K OHM 12 1/8W 
0757-C4E5 R:FXD MET FLM 100K OHM 12 1/8W 
0698-3157 R:FXD MET FLM 19.6K OHM 12 1/8W 


069-3442 R3FXD MET 237 OHM 12% 1/8W 


069 &—-0083 R:FXD MET F&M 1.96K OHM 12 1/8W 


0757-0466 R2FXD MET FRM 110K OHM 12 1/8W 
0698-3162 R2FXD MET FLM 46.4K OHM 12% 1/8h 
0698-3153 RsFXD MET FLM 3283K OHM 12 1/48W 


0757-1094 R3FXO MET 1.47K OHM 12 1/8W 


0658-0085 R:FXD MET FLM 2.61K OHM 1% 1/8W 


0698-3447 R3FXD MET FLM 422 OHM 12 1/48W 
069 &-0083 R:FXD MET FLM 1.296K OHM 12% 1/80 
0698-3153 R:FXD MET FLM 3.83K QHM 12% 1/8W 


075 7-02CC Rs FXO MET 5262K OHM 1% 1/8 


0751-0466 R:—XD MET FLM 110K OHM 12 1/8W 


0698-3162 KR2FXD MET F&M 46.4K OHM 12% 1/8W 
06S &-0084 R2FXD MET FLM 2.15K GHM 12 1/80 
0757-0441 R2FXO MET FLM 8.25K OHM 12 1/84 
0698-3440 R2—XD MET FLM 196 OHM 12% 1/48W 


0658-3440 


R:FXO MET FLM 196 OHM 12 1/8W 


BOARD ASSY:PHASE METER 


08405-6058 


0150-O0G71 


C:FXD CER 400 PF 5% 500VDCW 


014C-0206 
0150-0071 


C:FXD MICA 270 PF 52 

C:FXD CER 400 PF 5% 500VDCW 
NOT ASSIGNED 

C:FXD MICA 270 PF 5% 

C:FXD CER 0.01 UF +80-202% 1LOOVBCW 


014C-0206 
0160-2055 


0160-2055 C:FXD CER 0.01 UF #80-20% 1O0VDCW 


6180-0100 CzFXD ELECT 4-7 UF 10% 35VDCW 
C180-00S98 CzFXD ELECT 100 UF 20% 20VOCW 
0180-0100 CsFXO ELECT 4-7 UF 102 35VDCW 


0160-0127 C:FXD CER 1-0 UF 20% 25V00W 


016C-0127 C:FXD CER 1.0 UF 20% 25VDCW 


1901-0040 DLODESSILICON 30MA 30WV 


1902-0018 DIGDE BREAKOGWN:11.7V 5% 


1902-0018 DIODE BREAKDOWN:11-7V 54 
1901-0040 DIODE:SILICON 30 MA 30WV 
1902-0048 DIODE BREAKDOWN:6.81V 


9140-0120 
9140-0120 


COLLS FADE OL Une 20s 
COILSFXD 021 Uhaz0% 


# See introduction to this section for ordering information 
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Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


eto, ép Part No. Description # 


9140-0118 
9140-C114 
9140-0114 


5020-2045 
1853-CCC9 


18532-00CS 
1654-0C05 
1853-COGS 
1853-000% 
1854-0005 


1854—-C005 
1854-0005 
1854-0005 
1854-0005 
1854-0003 


1854-C003 
1854-C0C3 
1854-0005 
1205-0202 
1854-0005 


L2G S—0I210\2 
1853-0001 
1853-0001 
1853-000S 
1205-0202 


1853-0009 
1205- 0202 


0757-0442 


0757-1094 
0757-0286 
06S&-3153 
0757-0123 
0658-3441 


0757-0442 
0757-1094 
0757-0280 
0698-3153 
0757-0123 


0658-3441 
0698-3445 
06S 86-3405 
06S §&-3405 
0757-0280 


0757-0280 
06598-3445 
0757-0405 
0757-0280 


# See introduction to this section for ordering information 


CUILZFXD 500 UH 52 
COILSFXD RF 10 UH 
COILSFXD RF 10 UH 


CARD EXTRACTGR 


TRANSISTOR2 SILICON PNE 


TRANSISTOR: SILICON PNP 
TRANSISTGR:SILICON NPN 
TRANSISTOR: SILICON PNP 
TRANSISTOR: SILICON PNP 
TRANSISTOR: SILICON NPN 


TRANSISTOR: SILICON NPN 
TRANSISTOR: SILICON NPN 
TRANSISTOR:SILICON NPN 
TRANSISTOR: SILICON NPN 
TRANSISTOR:NPN SILICON 


TRANSISTOR: NPN SILICON 
TRANSISTOR: NPN SLLICON 


TRANSISTOR: SILICON NPN 2N708 
HEAT DISSIPATOR: SEMICONDUCTOR 
TRANSISTOR: SILICON NPN 2N708 


HEAT DISSIPATOR: SEMICONDUCTOR 


TRANSISTOR: PNP SILICON 30V 900Mi 
TRANSISTOR:RANP SILICON 30V 900KW 


TRANSISTOR: SILICON PNP 


HEAT DISSIPATGR: SEMICONDUCTOR 


TRANSISTOR: SILECON PNP 


HEAT DISSIPATOR: SEMICGNODUC TOR 


R3FXD MET FLM 10.0K OHM 


R3FXD MET FLM 147K OHM 
R3FXD MET FLM 1K OHM 12 
R2FXD MET FLM 3.83K OHM 
Rs FXD FLM 34.8K OHM 


1% 1/8W 


12 1/8 
1/8wW 

1% 1/8 
1% 1/8W 


RK: FXD 215 OHM 1% 1/8W 


RS EXD 10.0K OHM 
Rs &XD 1.47 OHM 
R3FXD 1K OHM 12 
R3 FXD 3-83K OHM 
R2FXD 34.8K OHM 


1% 1/8W 
1Z 1/8W 
1/8W 

1Z 1/486 
1% 1/8W 


R3FXD 
Rs FXD 
R:3 FXD 
R2FXD 
R3 FXO 


R23 FXO 
Rs FXD 
R3FXD 
R2FXD 


215 OHM 
348 OHM 
422 OHM 
422 OHM 


12 1/8W 
1% 1/8wW 
1% 1/2wW 
1% 142W 


1K OHM 12 1/8W 


1K OHM 12 1L/8W 


348 OHM 
162 OHM 


12 1/8W 
12 1/8W 


1K OHM 12 1/8W 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Oencdgn ¢p Part No. Description # 


06S €-34C0 R2FXD MET FLM 147 OHM 12 1/2W 
0811-1637 R2F—XD WW 344.3 OHM 0.1% 1/3W 
0757-0462 R:&XD MET FLM 75.0K OHM 1% 1/8 
2100-1658 R: VAR WW 2K GQHM 102 1W 
0811-1641 R:FXD Ww 6710 OHM 0.12% 1/8W 


0757-0405 R:FXDO MET FLM 162 GHM 12 1/8W 

0698-3101 RsFXD MET FLM 2.87K OHM 1% 1/2W 
NOT ASSIGNED 

0811-1639 R3FXD WW 477.6 OHM 0.1% 1/8W 

075 71-6462 R2FXD MET FLM 75.0K GHM 1% 1/8 


0811-1641 R2—XD WW 6710 OHM 0.1% 1/8W 

2100-1658 R= VAR WW 2K GHM 10% Iw 

0757-0405 RsFXD MET FLM 162 OHM 12 1/8W 

0696-3101 R32 FXD MET FLM 2.87K OHM 12 1/20 
NOT ASSIGNED 


0811-1642 RsFEXD ww 8825 OHM 0.12 1/8W 
0757-0280 R:—XD MET FLM 1K OHM 12 LABW 
0698-3153 R:FXD MET FLM 3.83K OHM 1% 1/8W 
08405-6009 BOARD ASSY: VOLTMETER 


0180-0100 Cz:—&XO ELECT 4.7 UF 10% 35VDCW 


0160-0301 C>FXD MY 0.012 UF 10% 200V0CW 
0180-1735 C3FXD ELECT 0.22 UF 102% 35VDCW 
0186-0100 C2FXD ELECT 4.7 UF 102% 35V0CW 
0150-0121 C>FXO CER O.1 UF +80-20% 50VDCW 
0180-0100 C:FXD ELECT 4.7 UF 102 35VO0CW 


018C-C09S8 C>FXD ELECT 100 UF 20% 20VOCWh 
0166-0164 C2:FXD MY 0.039 UF 102 200VDCW 
0140-0180 CsFXD MICA 2000 22 

018C-0100 CsFXD ELECT F 35V0CW 
0180-0137 CsFXDO ELECT 10VDCWw 


0180-0100 CsFXO ELECT 35VDCW 
0180-0100 Cz&XD ELECT 35VOCW 
0186-0100 CsFXD ELECT 35VDCW 
018C-0100 C2FXDO ELECT 35VDCW 
0180-0100 C2FXD ELECT 35VDCW 
018C-0100 CsFXD ELECT 35VDCW 
1901-0040 DICDE: SILICON 30MA 


1961-0040 DIGDE:SILICGN 30MA 


9140-0072 COIL:RF 5000 UH 10% 


502C-2045 CaRD EXTRACTOR 

1854-CO7l TRANSISTOR: SILICON 
1853-0020 TRANSISTOR: SILICON 
1854-0071 TRANSISTOR: SILICON 


1854-06071 TRANSISTOR: SILICON 
1853-C020 TRANSISTOR: SILICON 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Ne: ¢p Part No. Description # 


1854-CO71l TRANSISTOR: SILICON NPN 
0757-0289 R3FXD MET FLM 13.3K OHM 123 1/48W 


0757-0467 R3FXD MET FLM 121K OHM 12 1/8W 
0757-0459 R2FXD MET FEM 56.2K OHM 1% 1/8W 
0757-C04E5 R2FXD MET FLM 100K OHK 12 1/88 
0698-3162 R2FXD MET FLM 46.4K OHM 1% 1/8W 
0757-0401 R3FXD MET 100 OHM 1% 1/8W 


0757-0442 R:FXD MET 10.0K OHM 12 1/8W 
0757-C394 R3&XD MET 51.1 OHM 123 1/8W 
0698-3156 R3FXD MET 14.7K OHM 1% 1/8 
0757-0200 Rs FXD MET 5 262K OHM 1% 1/8h 
0698-3132 R2FXD MET 261 OHM 12 1/8W 


0698-0085 R2FXD MET 2-61K OHM 1/8w 
069 &—-3162 R2FXD MET 46.4K OHM 1/88 
0658-3449 RsFXD MET 28.7K OHM 1/8 
0757-0444 R3FXD MET 12-1K GHM 1/8W 
0757-0443 Rs FXD 11.0K GHM 1/8wW 


0698-0085 R32 FXO 22e61K OHM 1/8W 
07571-0288 Rs FXO 9-09K OHM 1/48W 
0757-0402 R32 FXO 110 OHM 1% 1/8W 
0757-C316 Rs FXD 42-2 OHM 12% 1/8W 
0698-0085 R: FXO 2-e61K OHM 1/8u 


0698-3136 Rs FXD 17.8K OHM 1/8W 
0757-0424 Rs FXO 1.10K OHM 1/8W 
0757-C424 R: FXD 1.-10K OHM 1/8 


0757-0833 R32 FXD 5-e11K OHM 1/2 
0751-0464 R3 FXO 90.9K QHM 1/8w 


0757-0274 Rs &XD 1-21K OHM 1/8 
075 7-C280 Rs FXD 1K OHM 12 1/8W 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference ar 


Al10 08405-6010 BOARD ASSY:APC AMPLIFIER 


A10C1 0160-2146 C:FXO CER 0.02 UF +80-20% LOOVDCW 


A10C2 0180-0100 C:FXD ELECT 4.7 UF 102 35VDCW 
A10C3 0180-0100 C:&XD ELECT 4.7 UF 102 35¥0CW 
A10C4 0180-0100 C:fXO ELECT 4.7 UF 102 35V0DCW 
A10C5 0180-0100 C:FXD ELECT 4.7 UF 102 35¥0CW 
A10C6 0180-0100 C:FXD ELECT 4-7 UF 10% 35V0CW 


A10C7 018€-0100 C:FXD ELECT 4.7 UF 102% 35VOCW 
A1l0C8& 0180-0100 C:fXO ELECT 4.7 UF 102 35V0CW 
A1LOCS 0180-0100 C:FXO ELECT 4.7 UF 102 35VDCW 
A10C10 0180-0100 C2fXO ELECT 4-7 UF 10% 35VDCW 
A10C11 0180-0100 C:FXO ELECT 4.7 UF 102 35V¥0CW 


A10C12 018C-—0100 C:FXD ELECT 4.7 UF 10% 35VOCW 
A10C13 0140-0179 C:fXD MICA 1000 PF 22 

A10C14 0140-0155 C:FXD MICA 1325 PF 12 500VDCW 
A10C15 0160-2261 C:FXD CER 15 PF 5% 500V0CW 


A1LOC1E 0160-2211 C:—XD MICA 510 PF 5% 300VDCW 


MICA 510 PF 5% 300VDCW 


A1loOC17 0160-2211 Cz FXD 


DLGDES:SILI€ON MATCHED PAIR 
PaRT OF ALOCR1 


A1LOCR1 
A1OCR2 


08405-8004 


A10CR3 
A1LCCR4 
A1OCR5 
A1LOCR6 


DLODES:SILICGN MATCHED PALR 
PART OF ALOCR3 
DLODES:SILICON MATCHED PAIR 
PART OF ALOCR5 


08405-8004 


08405-8004 


A1LOLI 9100-1628 COIL:MOLDED CHOKE 43-0 UH 52 


AlOPP1 5020-2045 CARD EXTRACTOR 


TRANSISTOR: 


A1001 1854-0371 SILICON NPN 


A1l002 1854-0371 TRANSISTOR: SILICON NPN 
A1003 1854-0371 TRANSISTOR: SILICON NPN 
A1004 1854-0371 TRANSISTOR: SILICON NPN 


A1OR1 


0757-0428 R2:FXD MET FLM 1.62K QHM 12 1/8W 


A1OR2 07571-C288 R:FXD MET FLM 9.09K OHM 12 1/8W 
ALOR3 0757-0438 R2fXO MET FLM 5.211K OHM 12 1/8W 
A1lOR4 0757-0280 R:—XD MET FLM 1K OHM 12 1/8W 
A1OR5 0757-0406 R:FXD MET FLM 182 GHM 12 1/8W 


A1OR6 0698-3444 RsfXD MET FEM 316 OHM 12 1/8W 


ALOR? 0757-0280 R2:FXD MET FLM 1K OHM 12 1/8W 
A1OR8 0698-3441 R2FXD MET F&M 215 OHM 12 1/8W 
A10R9 0698-3153 R2FXD MET FLM 3.283K OHM 12 1/80 
A10R10 0757-0439 R2FXD MET FLM 6.81K OHM 1% 1/8W 


A1lOR11 0698-0082 R32 FXD 464 OHM 12% 1/8W 


# See introduction to this section for ordering information 
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Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference 
Designation 


A10R12 0698-3155 R2FXD MET FLM 4.64K OHM 12 1/8W 
A10R13 069 83406 R2FXD MET FLM 1.33K OHM 12 1/2 
A10R14 0698-3136 R3FXO MET FLM 17.8K QHM 12 1/8 
A10R15 0698-3438 R:FXD MET FLM 147 OHM 12 1/8W 

A1LORI1E 0698-3155 R32 FXD MET 4.64K OHM 12 1/8W 


A1OR17 0698-0082 R2FXD MET FLM 464 OHM 12 1/8W 
A10R18 0698-3136 R3FXD MET FLM 17.8K OHM 12 1/8W 
AlOR19 069 &-3406 R2FXD MET FLM 1.33K OHM 12% 1/25 
A1CR20 0698-3442 R2:FXD MET FLM 237 QHM 12 1/8W 
AlOR2Z1 0757-0422 R3sFXD MET 909 OHM 1% 1/8W 


ALOR 22 065 8-3440 R2FXD MET FLM 196 OHM 12 1/8W 
A10R23 0757-C€394 R2FXD MET FLM 51.1 OHM 12 1/8W 
A1CGR24 0757-0394 R:—XD MET FLM 51.1 OHM 12 1/8W 


All 08405-6057 BOARD ASSY:IF SAMPLER 


A11C1 0160-2278 C2FXD MICA 34000 PF 2% 


A11C2 0160-2276 C:FXD MICA 2780 PF 2% 300VDCW 
A11C3 0180-0116 C:fXD ELECT 6.8 UF 10% 35V¥0CW 
A1L1C4 0140-0156 Cz&XD MICA 1500 PF 22 
A11C5 016C-2277 C:FXD MICA 15000 PF 22% 
A11C6 0160-2277 C:&XD MICA 15000 PF& 22 


Al1C7 016C-0174 CzFXD CER 0.47 UF +80-202 25VDCk 


AL1C& 0140-0170 C:FXD MICA 5600 PF 52 300VDCW 
A11C9 NOT ASSIGNED 
A11C10 NOT ASSIGNED 


Al1C11 0140-0179 C:&XD MICA 1000 PF 22 


A11C12 0160-2917 Cz:FXD CER 0.05 UF +80-202 1LOOVOCW 


A11C13 0140-0175 C:FXD MICA 1000 PF 23% 
A11C14 NOT ASSIGNED 
A11C15 NOT ASSIGNED 


A11C16 0140-0170 C:FXD MICA 5600 PF 5% 300VDCW 


Al1C17 0140-0179 Cz:FXO MICA 1000 PF 22% 


A11C18 NOT ASSIGNED 
A11C19 0180-0116 C:FXD ELECT 6.8 UF 102% 35V0CW 
A11C20 0160-0174 C:FXD CER 0.47 UF +80-202% 25VDGw 


A11CR1 1901-0040 OLODE:SILICON 30MA 30WV 


A11CR2 1901-0040 DIGDE: SILICON 30MA 30WV 
A11CR3 1901-0040 DIGDE:SILICON 30MA 30WV 
A11CR4 1901-0040 DILODE:SILICON 30MA 30WV 
A11CR5 1902-0184 DIODE BREAKDOWN:SILICON 16.2V 5% 


A11CR6 1901-0040 DLODE:SILICON 30MA 30WV 


AL1CR7 1901-0040 DLODE:SILICON 30MA 30WV 
A11CR8 1901-0025 ODLGDE:SILICON LOOWV 100MA 
A11CR9 1901-0025 DIQDE:SILICGN 1OQWY 100MA 
A1l1CR10 1901-0040 DILGDE:SILICON 30MA 30WV 
A11C&11 1901-0040 DLODE:SILICON 30MA 30WV 


# See introduction to this section for ordering information 


Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference Tame 


Al1CR12 1901-0040 DIGDESSILICON 30MA 30hWV 
A1L1ICR13 1901-06040 DIGDE:SILICON 30MA 30hV 
A1l1CR14 1901-0040 DIGDE:SILICON 30MA 30WV 
ALICRI5 1901-0040 DIGDE:SILICON 30MA 30WV 


A11CR16 1901-0040 DLODEZSILICON 30MA 30WV 


A1ICR17 1901-0040 DLODE:SILICON 30MA 30WV 
A11CR18 1902-0184 DIGOE BREAKDOWN:SILICON 16.2V 52 
A11CR19 1901-0040 DIGDE:SILICON 30MA 30WV 
A11CR20 1901-0040 DIODEsSILICON 30MA 30WV 
Al1CR21 1901-0040 DIGDE:SILICON 30MA 30WV 


A1LICR22 19$01-C040 DIGDE:SILICON 30MA 30WV 


AlL1¥P1 5020-2045 CARD EXTRACTOR 


A110] 1854-OC71L TRANSISTOR: SILICON NPN 


A1l1Cz 1854-0039 TRANSISTOR: SILICON NPN 2N3053 
1205-CO018 HEAT SINK 

A11¢C3 1853-C010 TRANSISTOR: SILICON PNP 

Al1C4 1854-CC05 TRANSISTOR:SILICON NPN 2N708 


A11ic5 1854-0005 TRANSISTOR: SILICON NPN 2N708 


TRANSISTOR: SILICON PNP 
TRANSISTOR: SILECON NPN 2N3053 


A1l1C6 
Al1C7 


1853-C010 
1854-0039 


R2&XD 17.8K OHM 


Al1R1 0698-3136 FLM 1/8W 


A11LR2 0698-3151 R3:FXD MET FLM 2.87K OHM 1% 1/8 
A11R3 0757-C428 Rs—XD MET FLM 1-62K OHM 12 1/80 
A11R4 0698-3153 R2:FXD MET FLM 3283K OHM 1% 1/8W 
A11R5 069 &€-0082 R:FXD MET FLM 464 OHM 12 1/8W 
A11R6 0698-3431 R3FXD FLM 23.7 OHM 12 1/8W 


ALIR7 0757-G280 Rs—XD MET FLM 1K OHM 1% 1/8W 


A118 0757-0815 R2FXD MET FLM 562 QHM 12% 1/2W 
A1L1RS 0757-0815 RsFXD MET FLM 562 OHM 1% 1/2W 
A11R10 0757-0401 R2FXD MET FLM 100 OHM 12 1/8W 


Al1R11 0757-C401 Rs FXD FLM 100 OHM 12% 1/8W 


Al11LR12 0757-0465 R3sFXD MET FLM 100K OHM 12% 1/8W 


ALIR13 0757-0465 R2—XD MET FLM 100K OHM 1% 1/8W 
A11R14 NUT ASSIGNED 
A11R15 0698-0084 R2FXD MET FLM 2.15K OHM 12% 1/8 
A1l1R16 NOT ASSIGNED 


Al1R217 NOT ASSIGNED 


A1L1R18 0698-0084 RsFXO MET FLM 2.15K OHM 1% 1/8b 
A11R19 0658-3450 R3FXD MET FLM 42.2K OHM 12 1/80 
A1L1R20 0698-3162 RsFXD MET FLM 46.4K OHM 1% 1/8W 
A11R21 0698-3154 RsFXD MET FLM 4.22K OHM 1% 1/80 


A1LLR22 069 &-3162 R:—&XD MET FLM 46.4K OHM 1% 1/80 


A11R23 2100-1761 R3 VAR WW LOK OHM 52 1W 
A11R 24 2100-1760 R32 VAR WW 5K OHM 5% 1W 
Al1R25 0698-3450 R3sFXDO MET FLM 42.22K OHM 12 1/8W 
A1L1R26 069 &-0084 R3FXD MET FRM 2.15K OHM 1% 1/84 


AL1R27 NOT ASSIGNED 


# See introduction to this section for ordering information 
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Model 8405A 


Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference Pe 


A11R28 
AILR2S 
A11k30 
A11R31 


069 &€-0084 Rs FXD MET FEM 2.15K OHM 12 1/8W 
NOT ASSIGNED 
NOT ASSIGNED 
0696-3431 R2FXD MET FLM 23.7 OHM 12% 1/8W 


AliT1l 08405-8062 TRANSFORMER 2 IF 


Al1T2 08405-8C 02 TRANSFORMER: IF 


Ald 08405-6012 BOARD ASSY:SEARCH 


A12C1 0160-0161 C:FXD MY 0.01 UF 10% 200VDCW 
A12C2 
A1l2C3 
A12C4% 
A1l2C5 


A12C6 


0146-0193 
0160-2055 
0140-0197 
0180-0195 
0160-0163 


CzFXD MICA 82 PF 5% 

C:FXD CER 0.01 UF +#+80-20% 100VDCW 
CzFXD MICA 180 PF 5% 300 VOCW 
C:FXD ELECT 0.33 UF 202% 35VDCW 
C3FXD MY 0.033 UF 10% 200VDCW 


A12C7 
A12C& 
Al2cs 
A12C 10 


0140-0176 
0150-GC7G 
0160-0127 
0160-2917 


CzFXD MICA 100 PF 22% 

Cz FXD CER 0.02 UF 20% 500VOCW 
CsFXD CER 1.0 UF 20% 25V0CW 

C:FXO CER 0.05 UF +80-20% 100VOCWw 


A12C11 


A12C12 
A12C13 
A1l2C14 
A12C15 
A12C16 


0180-0116 


0180-0116 
0160-2261 
0160-2261 
0160-2261 
€18C-0100 


C2 FXD 


C: FXO 
C3 FXD 
C3 FXD 
C2 FXO 
C:FXD 


ELECT 6.8 


ELECT 6.8 
CER 15 PF 
CER 15 PF 
CER 15 PF 
ELECT 4.7 


102 35VDCW 


102 35V0CW 
500VDCW 
500VDCW 
500VDCW 
10Z% 35VDCW 


A12CR1 1901-0025 OLGDE: SILICON 100WV 100MA 
A12CR2 


A12CR3 


DLODE:sSILICON 30MA 30WV 
DILGDE:SILICGN 30MA 30WV 


1901-0040 
1901-0040 
A1l2MP1 


502C-2045 CARD EXTRACTOR 


A1201 1854-0071 TRANSTISTOR= SILICON 
1854-0071 
1854-CO71 
1853-0009 
1854-0071 


1853-0010 


A1202 
Al12C3 
A12C4 
A12C5 
A1206 


TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
TRANSISTOR: SILICON 


Al2C7 
A12C8 
A12C9 
A12C10 


1853-0026 
1854-0071 
1854-C071 
1853-0020 


TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
TRANSISTOR: SILICON 
Al2R1 0698-3459 Rs FXD MET FLM 383K OHM 12 1/8W 
A12R2 
A1l2R3 
A1l2R4 
AlL2R5 


0698-3162 
0757-C442 
0698-3150 
069 &-3455 


RsFXD MET FLM 46.4K OHM 1% 148K 
Rs FXO MET FLM 10.0K GHM 1% 1/8W 
R:FXD MET FLM 2.37K OHM 1% 1/8 
R2FXD MET FLM 261K OHM 12 1/8W 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference ten 


A12R6 07571-0438 5e11K OHM 1% 1/8 
A12R7 0698-0083 1.96K OHM 12 1/8 
A12R8 0757-0290 6-19K OHM 12 1/8W 
A12R9 069 8—-3440 196 OHM 12 1/8W 
A12R10 0698-0083 1.96K OHM 


A12R11 0757-0442 10.0K GHA 
Al2R12 06S &-0084 2-15K OHM 
Al2R13 0757-0290 6e19K OHM 
A12R14 0698-3449 28-7K OHM 
A1l2R15 0698-3449 28-7K OHM 


A12R16 0757-0461 68-1K OHM 

Al2R17 0698-3453 196K OHM 12% 1/8W 

A12R18 0698-3153 3-83K OHM 1% 1/8W 
A12R19 0757-0200 5-62K OHM 1% 1/8 
A12R20 0757-0465 LOOK OWM 12 1/8W 


A1l2R21 0757-0441 8.-25K OHM 12 1LASW 
A1l2R22 0757-1094 1.47K OHM 12 1/8W 
A12R23 0698-3449 28.7K OHM 12 1/8W 
A1l2R24 0757-0460 61.9K OHM 1% 148W 
A12R25 2100-0942 OHM 202% 3/4W 


A1l2R2E 0698-3152 MET FLM 3.48K OHM 1% 1/8 
Al2R27 0698-4315 COMP 430 OHM 5% 1/2W 
A1l2R28 0698-3158 MET FLM 23.7K OHM 1% 1/8 
A1L2R29 0757-C346 MET FLM 10 OHM 12 1/8W 
A12R30 0686-1055 COMP 1 MEGOHM 52 1/2w 


A1l2R31 C69 8—-3449 MET FLM 28.7K OHM 1/8 
A12R32 0698-3155 MET FLM 4.64K OHM 1/8w 
A12R33 0757-0462 MET FLM 75.0K OHM 1/8W 
A12R34 0757-0447 MET FLM 16.2K OHM 1/8 
A1l2R35 0698-0083 MET FLM 1.96K OHM 1/ 8W 


A12R36 0698-3150 MET FLM 2.37K OHM 1/8wW 
Al2R37 0757-0394 MET FLM 51.1 OHM 12 1/8W 
A12R38 0757-0394 MET FLM 51.1 OHM 12 1/8W 
A12R39 0698-3454 MET FLM 215K OHM 12% 1/8W 
A12R40 0698-3440 MET FLM 196 OHM 12 1/8W 


Al2R41 0698-3440 MET FLM 196 OHM 1% 1/48W 
A1l2R42 069 8—-3440 MET FLM 196 OHM 12 1/8W 
A12R43 069 E-3440 MET FLM 196 OHM 12% 1/8W 
A12R44 0757-0280 MET FLM 1K OHM 12 1/8W 


A13 08405-6013 ASSY = EQUALIZER 
0140-0157 MICA 1857 PF 12% 


0180-1746 ELECT 15 UF 10% 20VOCW 
0160-0168 MY 0.1 UF 10% 200V0CW 
0160-0168 MY O.1 UF 10% 200VDCW 
0140-0182 MICA 5000 PF 2% 
0160-2279 MICA 880 PF 2% 300VDCW 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference ae 


A1L3C7 
A13C8& 
A13CS 


0160-2261 
0160-2261 
0160-2261 


C2FXD CER 15 PF 5% SOOVDCW 
C:FXD CER 15 PF 5% 5O0VDCW 
C:FXD CER 15 PF 5% SOOVDCW 


A1l3L1 COILSMOLDED CHOKE 910.0 UH 5% 


9100-1653 


A13C1 1854-0071 TRANSISTOR: SILICON NPN 


TRANSISTOR: SILICON NPI 
TRANSISTOR: SILICON NPN 


A13C2 
A13C3 


1854-0071 
1854-CO71 


Al3R1 069 86-3460 Rs FXO MET FLM 422K OHM 12 1/8W 


A13RZz 0757-0441 RsFXD MET FLM 8.25K OHM 1% 1/8W 
A13k3 0698-0083 R3FXD MET FLM 1.96K OHM 1% 1/8W 
A13R4 0698-3136 R2 FXO MET FLM 17-8K OHM 12 1/8W 
A13R5 0698-3156 RsFXD MET FLM 23-7K OHM 1% 1/8W 


A1L3R6 0757-C04C5 Rs FXD FLM 162 OHM 12 1/8W 


A1L3R7 0757-0462 R:FXD MET FLM 110 OHM 12 1/8W 


A1L3R8 0698-3157 Rs EXD MET FLM 19.6K OHM 1% 1/8W 
A13RS 0698-3132 R2:FXO MET FLM 261 OHM 12 1/8W 
A13R10 0698-3161 R3:F—XO MET FLM 38.3K OHM 12% 1/8W 


A13R11 0757-0424 Rs FXO FLM 1.10K GHM 12 1/84 


A13R12 0757-0447 R3fXD MET FLM 16.2K OHM 1% 1/8 


A13R13 0757-0426 Rs—XO MET FLM 750 GHM 12 1/8W 
A13R14 0698-0084 Rs FXD MET FLM 2.15K OQHM 12 1/8W 
A13R15 0698-3136 R2FXDO MET FLM 17-8K OHM 1% 1/8 


A13R16 0757-0439 R2FXD MET FLM 6.281K OHM 1% 1/86 


0757-0403 RsFXD MET FLM 121 OHM 12 1/8W 


A1l3R17 


A13R18 0698-0082 RsFXD MET FLM 464 OHM 12% 1/8W 
A13R19 06S6-0C82 R3FXD MET FLM 464 OHM 12 1/8W 
A13R20 069 83440 RsFXD MET FLM 196 QHM 1% 1/8W 


A13R21 069 €-344G R3FXD MET FLM 196 OHM 1/ 8W 


A1L3R22 R:FXD MET FLM 196 OHM 12 1/8W 


0698-3440 


Al4 BUARD ASS¥:VTO 


084C5-6014% 


A14C1l 0160-2055 Cs:FXO CER 0.01 UF +80-202 100VDCW 


A14C2 0140-0176 C2FXO MICA 100 PF 22 


A1L4C3 0180-0061 C:FXD ELECT 100UF +100%-102 15V0OCW 
A14C4 0160-2055 C:FXD CER 0.01 UF +80-202 LOOVOCW 
414C5 0140-0 204 CzFXD MICA 47PF 5% NPO S5SOOVOCW 


A14C6 014C-0176 Cz:FXD MICA 100 PF 22 


0180-0116 C:—&XD ELECT 6.8 UF 102 35VDCW 


A1l4C7 


A14C8 0140-0204 C:FXD MICA 47PF 5% NPO 500VDCW 
A14CS 0140-0176 C2FXDO MICA 100 PF 22 

A14C10 0150-0051 C:FXD CER 100 PF 600VDCW 

A1l4C11 0180-0138 C2FXD ELECT 1LOOUF —-104#1002% 40VOCW 


A14C12 0180-0100 Cz:FXD ELECT 4.7 UF 10% 35VDCW 
A14C13 0150-0C69 C2FXD CER 1000 PF +100-20% 500VDCW 
A14C 14 0180-0291 Cz:FXO ELECT 1-0 UF 10% 35VDCW 


A14C15 0180-0116 C:FXD ELECT 6.8 UF 102% 35V0CW 


# See introduction to this section for ordering information 


Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference eas 
@ Part No. Description # 


C2FXD CER 0.01 UF +80-20% 100V0CW 
C: FXO CER 15 PF 5% SOOVOCW 


OloOd- 2055 
0160-2261 


A14C16 
Al4C17 


A14CR1 OLODE:SILICGN 30MA 30WV 


1901-0040 


A1l4CR2 1901-0040 DLGDE:SILICON 30MA 30WV 
A14CR3 1901-0040 DLGOE:SILICON 30MA 30WV 
A1l4CR4 1901-0040 DIOQDE:SILICON 30MA 30WV 
A14CR5 1901-0040 DLODE:SILICON 30MA 30WV 


A1L4CR6 1901-0040 DLGDESSILICGN 30MA 30WV 


DILGDE: SILICON 30MA 30WV 
DIGDE:SILICON 30MA 30WV 


A1L4CR7 
A14CR8 


1901-0040 
1901-0040 


COIL/CHOKE 180 UH 53 


A1l4t1 9140-0138 


9140-0096 
9140-0138 


COILZFXD RF 1 UH 
COIL/CHOKE 180 UH 52 


A1l4L 2 
A14L3 


A14C1 1854-0C71 TRANSISTOR:SILICON NPN 


A1402 1854-0071 TRANSISTOR: SILLCON NPN 
A14C3 1854-C071 TRANSISTOR:SILICON NPN 
A1404 1854-0003 TRANSISTORZNPN SILICON 
A14C5 1853-0009 TRANSISTOR:SILICGN PNP 


A14CE 1853-0009 TRANSISTOR: SILICON PNP 


A1407 TRANSISTORSNPN SILICON SELECTED 


0&405-8C0C3 


A14C8 08405-8003 TRANSISTOR: NPN SILICON SELECTED 


A14R1 06S &-0085 Rs FXO MET 


FLM 2.61K GHM 12 1/8h 


A14K2 0757-0280 R2FXD MET FLM 1K OHM 12 1/8W 
A14R3 0698-3243 R3—FXD MET FLM 178K OHM 12 1/8W 
A1l4R4 0757-0443 R2FXD MET FLM 11.0K OHM 12 1/80 
A1l4R5 0757-6159 R2FXD MET FLM 21.5K OHM 12% 1/8h 
A14R6 0757-0317 Rs FXD FLM 1.233K OHM 1% 1/8W 


Al4R7 0757-C 465 Rs—&XO MET FLM 100K OHM 12 1/8W 

A14KE 07571-0442 R2FXD MET FLM 10.0K GHM 1% 1/8w 
A1l4R9 069 &-0083 R2FXD MET FLM 1.96K OHM 1% 1/80 
A14R10 0698-0083 R2FXD MET FLM 1.96K OHM 12% 1/8 


Al4Ril 0757-0346 Rs FXO FLM 10 OHM 12 1/8W 


Al4R12 0757-0416 R3FXD MET FLM 511 OHM 12 1/8W 

A14R 13 069 &-0083 R2FXD MET FLM 1.96K CHM 1% 1/8W 
A1l4R14 0698-0083 RsFXO MET FLM 1.96K OHM 12% 1/8W 
A14R15 0698-4037 R2FXD MET FLM 46.4 OHM 12 1/8W 


Al4RI1E 0757-0442 Ks FXD 10.0K QHM 1% 1/8W 


A14R17 0757-0442 R2FXD MET FLM 10.0K OHM 12 1/8W 
A14R18 0698-4037 R2—XD MET FLM 46.4 OHM 12 1/8W 
A14R19 0698-3153 R2FXD MET FLM 3.83K OHM 12% 1/8W 
A14R20 0698-3155 R2FXD 4264K OHM 1% 1/8W 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference Parr 
fp Part No. Description # 


A14R21 0698-3155 R3FXD MET FLM 4.64K OHM 1% 1/8 
A14R22 0698-3153 R2FXD MET FLM 3.83K OHM 1% 1/8 
A1L4R 23 0757-C 706 R2FXD MET FLM 51.21 OHM 12 1/4W 
A14R 24 06S &-3440 R2FXD MET FLM 196 OHM 12% 1/8W 


Al5 08405-6015 BOARD ASSYzPULSE GENERATOR 
A15C1 0160-0342 CsFXD MICA 800 PF 1% 300VDCW 


A15C2 0150-0121 C:FXD CER O.1 UF +80-20% 5O0VOCW 
A15C3 0150-0121 C:FXD CER O21 UF +80-20% 50VDCW 
A15C4 0140-0206 C2FXD MICA 270 PF 52% 

A15C5 0180-0100 CzFXD ELECT 4.7 UF 10% 35V0OCW 
A15C6 0150-0050 CzFXO CER 1000 PF 600VDCW 


A15C7 0140-0176 CsFXD MICA 100 PF 22 
A15CR1 1901-0441 DLODE: STEP RECOVERY SILICON 90-160NS 


A15CR2 1901-0C47 OLOQDE JUNCTION:SILICON 20PIV 
A15CR3 1902-0126 DILGDE BREAKDOGWN:2.61V 52 
AL5CRG 1901-0040 DIODE:SILICGN 30MA 30WY 


A15L1 9140-0138 COIL/CHOKE 180 UH 52 


A15L2 9140-C0S6 COILSFXD RF 
A1L5L3 9140-0096 COIL:ZFXD RF 
A1L5L4 9140-0181 COILZSFXD RF 
AL5L5 9140-0056 COIL:SFXD RF 


A15C1 1854-C035 TRANSISTORZNPN SILICON 


A1502 1853-0009 TRANSISTOR: SILICON PNP 
1205-0012 HEAT DISSIPATGR: SEMICONDUCTOR 


A15R1 0757-0394 R3 FXO MET FLM 51.1 OHM 12 1/8W 


A15R2 0757-0394 RSFXD MET FLM 51-1 OHM 12 1/8W 
A15k3 2100-1756 Rs VAR WwW 200 OHM 5% lw 

A15R4 0757-0405 RsFXD MET FLM 162 OHM 1/8W 

AL5RS& 0698-3403 RsFXD MET FLM 348 OHM L/2wW 

A15R6 0757-0198 RsFXD MET FLM 100 OHM 1/2W 


AL5R7 0698-3442 RSFXD MET FLM 237 OHM 1/8W 
A1L5R8 0698-3405 R3FXD MET FLM 422 OHM 1/2W 
A15RS 0766-0024 Rs FXO MET FLM 260 OHM 3u 
A15T1 9100-1698 TRANSFORMER PULSE 
08405-6016 BOARD ASSY:POWER SUPPLY 
0180-0056 C2FXD ELECT 40 UF +75-102% 50VOCW 
0180-0230 CzFXD ELECT 1.0 UF 202 5SOVDCW 
0180-0138 Cz&XD ELECT 1OOUF —10+1002 40VDCW 


0180-0050 CsFXD ELECT 40 UF +#+75-10% 50VDCW 
0180-0230 CzFXD ELECT 1.0 UF 202% 5OVDCW 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference are 
€ Part No. Description # 


A16C6 C:FXD ELECT 100UF -—10+100% 40VO0CW 


0180-0138 


A1l6CR1 1901-0026 DIGDE:SILICON 0.754 200 RIV 


A1l6CR2 1901-0026 DLGDE: SILICON 0.75A 200 PLV 


A16CR3 1902-0062 DIODE BREAKOGWN: 3. 75V 
Al6CR4 1901-0033 DIGDE:SILICON 100MA 180WV 
A16CR5 1901-0033 DLODE:SILIC@N 100MA 180WV 


A1l6CRE6E 1901-0033 DLODE:SILICON LOOMA 180WV 


A1L6CRT 1902-0057 DLODE BREAKDOWN:6.49V 
A16CR8 1901-0026 DIGDES SILICON 0.75A 200 RIV 
A1L6CR9 1901-0026 DLGDE:SILICON 0.75A 200 PLV 
A16CR10 1902-0062 OIODE BREAKDOWN: 3.75V 


A1l6CR11 1901-0033 DIGDE:SILICON 100MA 180WV 


DIODE:SILICON 1OOMA 180WV 
OLGDE:SILICON LOOMA 180WV 
DIQDE BREAKOOWN:6.49V 


A16CR12 
A1l6CR13 
A1l6CR14 


19601-0033 
1901-0033 
1902-0057 


AL6MP1 5020-2045 CARD EXTRACTOR 


A1l601 1854-0020 TRANSISTOR: NPN SILICON 


A1602 1853-0009 TRANSISTOR: SILICON PNP 
A16C3 1854-0071 TRANSISTOR: SILICON NPN 
A16C4 1854-C020 TRANSISTOR:NPN SILICON 
A16C5 1853-0009 TRANSISTOR: SILICON PNP 
A16C6 1854-CO7l TRANSISTGR:SILECON NPN 


Al6R1 0811-0040 R2—XD WW 1 OHM 1% 5W 


Al6RZ 0757-C198 R2FXD MET FLM 100 OHM 1% 1/2W 

A16R3 0757-0317 R2FXD MET FLM 1.233K OHM 1% 1/8W 
A16R4 0698-3155 R:&XD MET FEM 4.64K QHM 12 1/8 
A1l6R5 0757-0424 R2FXD MET FAM 1210K OHM 12 1/8W 


A16R6 0811-0040 R3sFXD Ww 1 OHM 12% 5W 


Al6R7 07571-0424 RsFXD MET FLM 1.10K OHM 1% 1/8W 


A1l6R8 0757-0077 R2FXD FLM 1.2K OHM 22% 1/4W 
Al16RG 0757-0398 R2FXD MET FLM 75 OHM 12 1/8W 
A16R10 069 &-0084 R: FXO MET FLM 2.15K OHM 12 1/84 


Al6R11 2100-0328 R: VAR WW 500 OHM 10% LIN 1W 


Al16R12 0757-0424 R:FXD MET FLM 1210K OHM 1% 1/8W 
Al6R13 0811-0040 R2:FXD WW 1 OHM 12% 5W 

A1l6R14 0757-0158 R: FXO MET FLM 100 OHM 1% 1/2W 
A1l6R15 0757-0317 R:FXD MET FLM 1.233K OHM 12% 1/8W 


Al6R16 0698-3155 R3FXO MET FLM 4.64K OHM 1% 1/8h 


A16R17 0757-0424 R:FXD MET FLM 1210K OHM 12 1/8) 
Al6R18 0757-0424 R:—XD MET FLM 1.210K OHM 1% 1/8W 
A16R1S 0811-0040 R2FXD WW 1 QHM 12 5W 

A1l6R20 0757-0077 R2—XD FLM 1.2K OHM 22 1/4W 
Al6R21 0757-0398 R:FXD MET FLM 75 OHM 12 1/8W 


0658-0084 
2100-0328 
07571-0424 


A16R22 
A1l6R23 
Al6R24 


R2FXD MET FLM 2.15K OHM 12% 1/8W 
R32 VAR WW 500 OHM 102 LIN 1W 
R:FXD MET FLM 1.210K OHM 1% 1/8W 


Al7 


08405-6017 DELAY LINE ASSY¥ 


# See introduction to this section for ordering information 
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Table 6-1. Reference Designation Index (Cont'd) 


Designation | __ © Part No. Description # 


A18 084C5-6003 BOARD ASSYzISOQLATION AMP. 
A1l8Cl 0180-0 100 CzFXD ELECT 4.7 UF 102 35VDCW 


A18C2 0150-0121 C2FXD CER O11 UF +80-20% 50VDCW 
A18C3 0180-0137 C:FXD ELECT 100 UF 202% 1OVDCW 
A1l8C4 0160-2120 C3FXD MICA O.O1LUF 12 

A1l8C5 0180-0100 C>FXO ELECT 4.7 UF 10% 35V0DCW 
A18C6 0180-0100 C2FXO ELECT 4.7 UF 10% 35VDCW 


A1l8CT7 0180-2071 CP Mb) ELECT Wo@22 Uhr INO spel) 
A1l8C& 0180-0160 C:FXD ELECT 10% 35V0CW 
A18CS 0180-0160 Cs fXD ELECT 10% 35VO0CW 
A18C10 0180-0100 C>FXO ELECT 102 35VDCW 
A18C 11 0180-0100 CsFXD ELECT 102 35VDCW 


A1l8C12 0180-0100 CzFXD ELECT 4. 102 35VO0CW 
A18C13 0180-0100 C3FXD ELECT 4 102% 35VDCW 
A18C14 0180-0100 CzFXD ELECT 4 10% 35VOCW 
A18C15 0180-0100 CzFXD ELECT 4 102 35VO0CW 
A18C16é 0160-2143 CsFXD CER 2000 PF +80-20% 1000VDGW 


Alé&Ci17 0160-2261 C2FXO CER 15 PF 5% S5OO0VODCW 


A1l8CR1 08405-8004 DIGDESSSILICOQN MATCHED PAIR 
A1L8CR2 PART OF A1LSCR1 


Al8L1 9100-1719 COIL: VAR 

Al8BL2 9140-0114 COILSFXD RF 10 UH 
A1l8PFP1 5020-2045 CARD EXTRACTGR 
Al8Cl 1854-0071 TRANSISTOR: SILICON 


A1802 1854-0071 TRANSISTOR:SILICON NPN 
A18Q2 1854-0071 TRANSISTOR: SILICON NPN 
A1804 1854-0071 TRANSISTOR: SILICON NPN 
A18c5 1854-0071 TRANSISTOR: SILICON NPN 
A18C6 1854-0071 TRANSISTOR: SILICON NPN 


A18R1l 0757-0459 R2FXD MET FLM 56.2K OHM 


A18R2 0698-3157 R2FXD MET FLM 19.6K OHM 
A18R3 0698-3157 R3:FXD MET FLM 19.6K OHM 
A1L8R4 0757-0442 R3FXD MET FLM 10-0K OHM 
A18R5 0698-3160 R3—XD MET FLM 31.6K OHM 
A18R6 0757-0280 R3FXD MET FLM 1K OHM 12 


A1L8R7 07571-0444 R2&XD MET FLM 12.1K OHM 
A18R8 06S &-0083 R:FXD MET FLM 12-96K OHM 
AL8&RS NOT ASSIGNED 

A18R10 0757-C442 R2FXD MET FLM 10.0K OHM 
A18Ril 2100-1760 R2 VAR WW 5K GHM 5% 1W 


A18R12 0757-0447 R3FXD MET FLM 16.2K OHM 
A1L8R13 0757-C278 R23 FXO MET FLM 1.78K OHM 
A18R14 0751-0428 R3FXD MET FLM 1-62K OKM 
A18R15 0757-0428 R2FXD MET FLM 1.62K OHM 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Descnnnod ¢p Part No. Description # | Note | : 


A18R16é 0757-0288 R2:FXD MET FLM 909K OHM 1% 1/8W 
AL8R17 0757-0438 Rs FXO MET FLM 5211K OHM 1% 1/85 
A18R18 0757-0280 R: FXO MET FLM 1K OHM 12 1/8W 
A1L8R19 0757-0394 R:&XO MET FLM 51.1 OHM 12 1/8W 
A18R20 0698-3444 R=FXD 3216 GHM 12 1/8W 
A18R21 0757-0280 R2:FXD MET FLM 1K OWM 12 1/8W 
A18R22 0698-3441 R2FXD MET F&M 215 OHM 12% 1/8W 
A18R23 0698-3153 R2FXD MET FLM 3.83K OHM 12% 1/84 
A18R24 075 7-C439 R2 FXO MET FLM 6.81K OHM 12% 1/8W 
A1L8R25 0658-0082 R2FXD MET FLM 464 OHM 12 1/48W 
A1L8R2E 0698-3155 R2FXD MET FLM 4.264K OHM 12 1/84 
A18R27 0698-3136 R2FXO MET FLM 17.-8K OHM 1% 1/8 
A18R28 069 &-3406 R:FXD MET FAM 1.233K QHM 1% 1/2W 
A18R29 0698-3438 R2FXD MET FLM 147 OHM 12 1/8W 
A18R30 069 &-0084 R=FXD MET FLM 22-15K OHM 1% 1/8 
Al9 08405-6035 CABLE ASSY2OQUTPUT DELAY LINE 
A19SCRI1 NSR PART OF Al19 

A20 08405-6034 CABLE ASSY:PULSE GENERATOR 
A20CR1 NSR PART OF A20 

A21 08405-6052 SWITCH ASSY2PHASE METER OFFSET 
A21R1 C6S8—-4084% RSFXD MET 19.2 OHM 12 1/8W » 
A21R2 0698-4085 R23 FXO MET FLM 20.8 OHM 12 1/8W 
A21R3 0698-4086 R3sFXD MET FLM 22.6 OHM 12 1/8W 
A21R4 069&-4087 R2FXD MET FLM 24.6 OHM 12 1/8W 
A21R5 069 &-4088 R2FXD MET FLM 27 OWM 12 1/8W 
A21R6 069 &-4C089 Rs FXD MET 29-7 OHM 1% 1/8W 
A21R7 06S &-4090 RsFXD MET FLM 32.8 OHM 12 1/8W 
A21R8 0757-C390 R:—XD MET FLM 36-5 OHM 1% 1/8W 
A21R9 069 &-4091 R3FXD MET FLM 40.80HM 1% 1/8W 
A21R10 069 &-4092 R:FXD MET FLM 45.9 OHM 1% 1/8W 
A21R11 0658-4093 Rs FXD MET 52 OHM 1% 1/8W 
AZ1R12 069 &—-4094 R2FXO MET FLM 59.5 OHM 12 1/8W 
A21R13 0698-4095 R2FXD MET FLM 68.6 OHM 12% 1/8W 
AZ1R14 0698-4096 R:FXD MET FLM 80.2 OHM 1% 1/8W 
A21R15 0698-4097 R:FXO MET FLM 94.8 OHM 12% 1/8W 
A21R16 0757-0275 R2FXD MET 113 OHM 1% 1/8W 
A21R17 069 &-40S9 RsFXD MET 139 GHM 12% 1/8W 
A21S1 3100-1834 SWITCH:ROTARY 

A22 08405-6051 SWITCH ASSY:AMPLITUDE RANGE 
A22C1 0140-0210 C3FXD MICA 270 PF 52% 

A22¥P1 084C05-C013 COVER: SWITCH 


# See introduction to this section for ordering information 
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Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference rr 
fp Part No. Description # 


A22KP2 08405-0014 PLATE: SWITCH COVER 
A22MFP3 08405-C014 PLATE: SWITCH COVER 


A22R1 0698-0084 R2FXD MET FLM 2.15K OHM 12 1/8W 


A22R2 0698-5851 R2FXO MET FLM 6.81K OHM 0.5% 1/8W 
A22kR3 O69 E-5847 RS FXD MET FLM 2150 OHM 0.5% 1/8h 
A22R4 0698-4100 R3FXD MET FLM 1.26K OHM 12% 1/8 
A22R5 0698-5850 RsFXD MET FLM 681 OHM 0.5% 1/8 
A22RE 0698-4101 R3FXDO MET FLM 1.285K OHM 1% 1/84 


A22R7 0698-5848 R:FXD MET FLM 215 OHM 0.5% 1/8W 
A22R8 0698-4102 R2FXO MET FLM 2.06K OHM 1% 1/8W 
A22R9 0698-4349 R:FXD MET FLM 99.5 OHM 13 1/8W 
A22R10 06S £-0084 R2FXD MET FLM 2.15K OHM 1% 1/8h 
A22R11 0698-5851 R2FXD MET FAM 6.81K GHM 0.5% 148W 


A22R12 0698-5847 R2FXD MET FAM 2150 OFM 0.52 1/88 
A22R13 069 &-4100 R2FXD MET FLM 1.226K OHM 12% 1/8 
A22R14 0698-5850 R2FXD MET FLM 681 OHM 0.52 1/8W 
A22R15 0698-4101 Rs FXD MET FLM 1.85K OHM 1% 1/8W 
A22R16 069 &-5848 RZFXD MET FLM 215 OHM 0.52 1/8 


A22R17 0698-4102 Rs FXD MET F&M 2.06K OHM 1% 1/8W 
A22R18 0698-4349 R:FXD MET FLM 99.5 OHM 1% 1/8W 


A22S1 3100-1833 SWITCH: ROTARY 
A221 08405-6039 CABLE ASS¥:SHORT AMP RANGE 


A22w2 08405-6040 CABLE ASSY:MED AMP RANGE 
A22w3 08405-6041 CABLE ASSY:iLGNG AMP RANGE 


A23 08405-6042 SWITCH ASSY =2GHANNEL 
A23MP1 08405-0013 COVER:SWITCH 


A23éMP2 08405-C014 PLATE: SWITCH COVER 
A23KF3 08405-0014 PLATE: SWITCH CGVER 


A23S1 3100-1832 SWITCH: ROTARY 
A231 08405-6028 CABLE ASSY 


A23W2 08405-6037 CABLE ASSY 
A23h3 08405-6038 CABLE ASSY 


A24 08405-6053 SWITCH ASSY:FREQ. RANGE 
A24R1 069 83446 Rs FXO MET FLA 383 OHM 1% 1/8W 


A24R2 0757-0419 R:FXD MET FEM 681 OHM 12 1/8W 

A24R3 0757-0424 R2&XD MET FLM 1.10K OHM 12% 1/8 
A24R4 0757-0428 R2&XD MET FLM 1.62K OHM 12 1/8 
A24R5 0698-0084 R2FXD MET FLM 2.15K OHM 1% 1/8W 
A24RE 0698-3151 R=: FXD 2-87K OHM 1% 1/8 


# See introduction to this section for ordering information 
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A24R7 
A24R8 
A24RS 
A24R10 
A24R11 


A24R12 
A24R13 
A24R14 
A24R15 
A24R16 


A24R17 
A24R18 
A24R19 
A24R20 
A24R21 
A24R22 
A24R23 
A24R24 
A24R25 
A24R26 
A24R27 
A24R 28 
A24R29 
A24R30 
A24S1 
A241] 
A24W2 
A25 
A25M@P1 
A25R1 
A25R2 
A25R3 
A25RK4 
A25S1 


A26 
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Model 8405A 


Table 6-1. Reference Designation Index (Cont'd) 


Reference 
& Part No. 


0698-3154 
0757-0438 
0757-0440 
07571-0442 
0757-0289 


0698-3136 
0698-3159 
0698-3161 
0757-0458 
0757-0462 


0757-0466 
0698-3453 
0698-3460 
0683-1055 
0757-0467 


0757-0440 
0757-0441 
0698-3155 
0698-3154 
0757-0438 


0757-0200 
0757-0290 
0757-0200 
0757-C438 
3100-1835 
08405-6032 
08405-6032 
08405-6024 
5040-0218 
0811-1638 
0811-1640 
0698-3279 
2100-0024 
3100-1831 


08405-6018 


0150-0119 


0180-03469 
0180-036%$ 
0150-0019 
0150-0019 
0150-00195 


0150-0019 
0150-0019 
0150-0019 
0160-2140 


Description # 


R3s&XD MET 4.22K 1/8 
R3FXD MET FLA 5.211K OHM 1/8 
R2FXO MET FLM 7.50K OHM 1/84 
R2EXD MET FLM 10.0K OHM 1/8W 
R3FXD MET FILM 13.3K OHM 1/8w 


R:.FXD MET FLM 17.8K OHM 1/8 
Rs—&XD MET FLM 26.1K OHM 1/8 
RsFXO MET FLM 38.3K GHM 1/8wW 
R2FXD MET FLM 51-1K OHM 1/8W 
R2FXD MET FLM 75.0K OHM 1484 


R3FXO MET FLM 110K GHM 12 1/8 
R2FXD MET FLM 196K OHM 12 1/8W 
R2&XD MET FLM 422K OWM 12 1/8W 
R3—XD COMP 1 MEGOHM 52 
RSFXD MET FLM 121K OHM 


R3sFXD MET FLM 7.50K OHM 
R3sFXD MET FLM 8.25K OHM 
R3FXD MET FLM 4.64K OHM 
R3s—XD MET FLM 4.22K OHM 
R2—XO MET FLM 5.211K OHM 
RsEXD MET FLM 5.62K OHM 
R3sFXD MET FLM 6.219K OHM 
R2FXO MET FLM 5.62K OHM 
RS&XO MET FLM 5.211K OHM 
SWITCHs ROTARY 
CABLE ASSY:COAXIAL 
CABLE ASSY: COAXIAL 
SWITCH ASSY:3PHASE RANGE 
COUPLER: SWITCH SHAFT 
R3FXD WW 344.28 OHM 0.1% 1/8W 
R3sFXD WW 1111 OHM 0.12 1/8wW 
Rs &XD MET FiM 4990 OHM 12 1/8W 
Rs VAR COMP 1000 GHM 102 LIN 2W 
SWITCHSROTARY 
BOARD ASSY: EXTENDER 
CHASSIS PARTS 
C2FXD CER 2 X 0.01 UF 20% 250WVAC 
Cz&XD ELECT 2800 UF +75-10% 60VDCW 
CzFXD ELECT 2800 UF +#+75-10% 60NDCW 
G:FXD CER 1000 20% SOOVDCW 


C: FXO CER 1000 20% 500VDCW 
CzFXD CER 1000 20% 500VDCW 


C:FXD CER 1000 202 500VDCW 
C2FXD CER 1000 20% 500VDCW 
C:FXD CER 1000 202% SOOVDCW 
Cs&XD CER 470 PF +80-202% 1LOOQOVOCW 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Ref oe 
ae Description # 


0160-2140 C2:FXD CER 470 PF +80-20% LOOOVOCW 
0160-2257 Cz&XD CER 10 PF 5% 5O00VDCW 


2140-0244 LAMP:GLOW T-2 BULB 1.0M AMP 95VAC 
1450-0708 LIGHT: INDICATOR AMBER 

211C0-CO001 FUSE:1A 250V 

2110-C€2C2 FUSE20-250A 250V 

2110-0202 FUSE20.50A 250V 

2110-C2C2 FUSE30.50A 250V 


NSR PART OF W5 
NSR PART OF W6 


1250-0C8&3 CONNECTOR: BNC 
1250-0083 CONNECTOR: BNC 


9140-0096 COIL:FXO RF 1 
9140-0096 COILZFXD RF 1 
9140-0056 COIL:FXD RF 1 
9140-0056 COILZFXD RF 1 
9100-1610 COITLZSMOLDED CHOKE 0.15 UH 202 
9100-1610 COILSMOLDED CHOKE 0.15 UH 20% 


9140-0114 COILSFXD RF 10 UH 
9140-0114 COILSFXD RF 10 UH 


1120-0394 METER: DEGREES 


1120-0361 METER:RMS VOLTS 
1120-1466 METERSRMS VOLTS LIN 40G OPT G2 


1251-2357 CONNECTOR: PQWER 3 PIN MALE 
1854-0063 TRANSISTOR:ZNPN SILICON 2N3055 
1200-CO7? INSULATOR: TRANSISTOR, MICA 
1854-0063 TRANSISTOR: MPN SILICON 2N3055 
1200-0077 INSULATOR: TRANSISTOR». MICA 
0698-3420 RsFXD MET FEM 34.8K OHM 12 1/26 
0813-0017 RsFXD WW 5 OHM 102 5W 

0816-0010 R3FXD WW 12 QHM 102 1LOW 
0757-C351 R3FXD MET FLA 402 OHM 12 1/4 
3101-1248 SWITCH2PUSHBUTTON SPDT 


3101-1234 SWITCHSSLIDE DPOT O.5A 125V AC/DC 
3101-0901 SWITCH: PUSHBUTTON 3PO0T 


9106-1706 TRANSFORMER =: POWER 


08405-6033 CABLE ASSY:COAXIAL 
NOT ASSIGNED 


08405-6027 CABLE ASSY:APC AMP. 

NOT ASSIGNED 
08405-6030 CABLE ASSY:"A®" ITF OUTPUT 
08405-6029 CABLE ASSY:"B" [F QUTPUT 


# See introduction to this section for ordering information 
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Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


reer ¢p Part No. Description # 


08405-6031 
08405-6031 
08405-6033 
08405-6036 
8120-1348 


1251-0194 
1251-0194 
1251-0135 
1251-0135 
1251-0135 
1251-0135 
1251-0135 
1251-0135 
1251-0135 
1251-0135 
1251-0194 
1251-0194 
1251-0194 
1251-0135 


1251-0135 


1251-0135 
1400-0084 


14C00-CC84 
1400-0084 


1200-0041 


1200-0041 


0370-0112 


0370-0113 
0370-0114 
C370-0115 
08405-6020 


504C—0404 
5020-0457 


10213-62102 
10216-60001 


11576A 
08465-6048 
8710-0084 
08405-2044 


CABLE ASSYz:ISOLATION AMP. 
CABLE ASS¥Y: ISOLATION AMP. 
CABLE ASSY:COAXITAL 

CABLE ASS¥: INPUT DELAY LINE 
CABLE ASS¥:POWER CORD 


CONNECTORS PRINTED CIRCUIT 15-CONTACT 


CONNECTOR: PRINTED CIRCUIT 15-CONTACT 
CONNECTOR: BODY PIN 

CONNECTOR: BODY PIN 

CONNECTOR: BODY 

CONNECTOR: BODY 


CONNECTOR: BODY 
CUNNECTOR: BODY 
CONNECTOR: BODY 
CUNNECTOR= BODY 
CUNNECTOR: PRINTED CIRCUIT 15-CONTACT 


CONNECTORSPRINTED CIRCUIT 15-CONTACT 
CONNECTORS PRINTED CIRCUIT 15-CONTACT 
CONNECTOR:BODY 15 PIN 

NOT ASSIGNEO 

CONNECTOR: BODY 15 RIN 

NOT ASSTIGNEB 

NOT ASSIGNED 


CONNECTOR: BODY 15 PIN 
FUSEHOLDERZ EXTRACTOR POST 


FUSEHOLDER:S EXTRACTOR POST 
FUSEHOLDERS EXTRACTOR POST 


SOCKET 2: TRANSISTOR 


SOCKET: TRANSISTOR 
MISCELLANEOUS 


KNOB: BLACK ,RANGE 
AMPLITUDE RANGE & AMPL CHANNEL 


KNOB: BLACK. SENSITIVITY 

PHASE RANGE & METER OFFSET 
KNOBSRED W/ARROW 5/8" OD 1/8" SHAFT 
PHASE ZERO 

KNOB:RED BAR 5/8 OITA 1/8 SHAFT 
PHASE~* POLARITY 


KNOBSFREQ RANGE,W/OITAL ATTACHED 
HOLDER: PROBE 

PROBE TIP 

CL IPs;GROUND 

ISOLATOR 


DIN TDER sl Ohan 

GROUND CLIP ASSY 

NUT ORIVERSHEX 3-32"HEX OPENING 
PROBE INSULATOR 


# See introduction to this section for ordering information 


Model 8405A Section VI 


Table 6-1. Reference Designation Index (Cont'd) 


Reference oes 
& Part No. Description # 
CABINET PARTS 


5060-0 134 FRAME ASSY:7 X 16 FM 
2530-0011 SCREW:2SST FLAT HD 8-32 X 3/8 
08405-0025 PANELZFRONT 

051£-C004 FASTENER 

5060-C767 FOGT ASSY:3FSM 


1490-0030 STAND: TILT 

5060-0776 KLT37H RACK MOUNT 

08465-0011 SUB-PANEL: FRONT 

506C—C740 TOP COVER ASSY:16L FM 
2530-0011 SCREW:SSST FLAT HD 8-32 X 3/8 


08405-0015 PL ATE-PANEL RIGHT 

08405-0016 PLATE-PANEL :CENTER 

5060-C752 BOTTOM COVER ASSY:16L FM 
2530-0011 SCREW: SST FLAT HD 8-32 X 3/8 
506C-0222 HANDLE ASSY-SIDE 


5060-C 765 RETAINER-HANDLE ASSY. 

2550-0013 SCREW:SST BH 8-32 X 5/16 
08405-0024 PANEL=SREAR 

2515-0017 SCREW2PAN HD PHI4 DR 8-32 X 1/4 
08405-2021 EXTRUSION: TOP 


08405-2022 EXTRUSION: BOTTOM 

5000-6 7142 COVERSSIDE 7 X 16 SM 

2376-0020 SCREW: SST FH PHIL DOR 6-32 X 3/16 
5CO0C-0052 PLATESFLUTED ALUMINUM 


# See introduction to this section for ordering information 
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Section VI Model 8405A 


Table 6-2. Replaceable Parts 


0140-6155 CzFXD MICA 1325 PF 1% 500VO0CW 0140-0155 ] 
6140-C156 C2FXD MICA 1500 PF 2% 0140-0156 1 
0140-0157 CzFXD MICA 1857 PF 12 0140-0157 1 
0140-0170 C2FXD MICA 5600 PF 300VDCW 0140-0170 2 
0140-0176 CzFXD MICA 100 PF 22% 0140-0176 6 
0140-0179 CzFXD MICA 1000 PF 22 0140-6179 oe 
0140-0180 CzFXD MICA 2000 PF 22% 0140-0180 ] 
0140-0182 CzFXD MICA 5000 PF 2% 0140-0182 i 
0140-6193 CsFXD MICA 82 PF 52 0140-0193 1 
6140-0194 CzFXO MICA 110 PF 5% 0140-0194 2 
0140-0197 CzFXD MICA 160 PF 5% 300 VODCW RDM1L5F181453C ] 
014C-0204 CzFXD MICA 47PF 52% NPO 500VDCH RDM1L5E47055C ? 
0140-0206 CsFXD MICA 270 PF 52 0140-0206 3 
0140-0210 CzFXD MICA 270 PF 5% 0140-02 10 1 
0140-0235 C3FXD MICA 225UPF 1% 300VO0CW RDM20F 6 22500F 3C 1 
0150-0019 CzFXD CER 1000 PF 20% S5SOOVDCW 327005X5U0102M 6 
0150-0050 CzFXD CER 100U PF 600VDCW 08D 1 
0150-C051 CsFXO CER 100 PF 600VDCW 08D 1 
0150-C069 CzFXD CEK 1000 PF +100-20% 5O00VOCW 801-010X5G01022 1 
C€150-0070 CzFXD CER 0.02 UF 20% S5SOOVDCW 821-011 25U0203M 1 
0150-0071 CzFXD CER PF 52 500VDCW 19€294A4-CDH ? 
GIs50—010 9 CsFXD Cee 0-01 UF 20% 250WVAC 36C219A 1 
6150-0121 CzFXD CER UF +80-202 50VDCW 5C5061S—-CML 5 
0160-G127 CzFXD CER UF 20% 25VDCW 5C13CS—-CML Si 
0160-0161 CsFXD MY O.O1 UF 10% 200VDCW 0160-0161 1 
0160-0163 CzFXD MY 0.033 UF 102% 200VOCW 0160-0163 1 
0160-C164 CzFXD MY 02039 UF 10% 200VDCW 0160-0164 ] 
0160-C168 CzFXD MY O21 UF 10% 200VDCW 0160-0168 ? 
0160-0174 CzFXD CEK 0.47 UF +80-20% 25V0CW 5C1187S-CML 6 
0160-0301 C2FXD MY O.201l2 UF 102% 200VDCW 0160-0301 1 
0160-0342 C:FXD MICA 800 PF 1% 300VDCW RDM15F801F3C 1 
0160-2055 C:FXD. CER 0.01 UF +80-20% 100VDCW COZ LOE VO azo 22 8 
€160-2120 CzFXD MICA O.LOLUF 12% RDM30F103F3C “ 
0160-2127 CzFXD MICA 4600 PF 12 0160-2127 2 
0160-2139 CzFXD CEK 220 PF +80-20% 1LOOOVDCW & 
C160-?7140 CsFXD CER 470 PF +80-20% 1LOOOVDCW ? 
0160-2143 CsFXD CER 2000 PF +80-202% 1LOOGOVOCW ? 
0160-2146 C2FXD CEK 0.202 UF +80-20% 1O0VOCW 1 
0160-2211 CsFXD MICA 510 PF 5% 300VDCW 0160-2211 ? 
C160-2257 C2FXD CER 10 PF 5% 5OOVDCW 301-GO0G—-COHO-100J 1 
0160-2261 CzFXD CER 15 PF 5% 5SOOVOCW 301-NPO-15 PF ko 
0160-2276 CzFXD MiLCA 2780 PF 2% 300V0CW 0160-2276 1 
0160-2277 CzFXD MICA 15000 PF 22% 0160-2277 2 
0160-2278 CzFXD MICA 34000 PF 22% 0160-2278 1 
VIS0=22 719 CzFXD MiCA 840 PF 2% 300VDCW 0160-2279 1 
OlGO>29 107, CsFXD CEK 0.05 UF +80-20% 1LOOVOCW TYPE TA ? 
C180-C050 CsFXD ELECT 40 UF +75-10% SOVDCW 0180-0050 2 
0180-0061 CzFXO ELECT LOUUF +100%-10% 1L5VDCW 301076015004 1 
018C-C098 C2FXD ELECT 10G UF 202% 20VDCW 0180-00S4 ? 
018C-0100 CzFXD ELECT 4-7 UF 102% 35VDCWw 0180-0100 1 


0180-6116 
0180-C137 
0180-0138 
0180-0195 
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CleXU 
Cs ex 
CsFXO 
CsFXD 


ELECT 6.8 UF 
ELECT RLUOSUE 


160% 35VDCW 
20% LOVDCW 


ELECT LOOUF —10+100% 40VDCW 


ELECISG .335U 


F 20% 35VO0CW 


0180-Ollo 
0180-0137 
D36254 

0180-0195 


# See introduction to this section for ordering information 
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Model 8405A Section VI 


Table 6-2. Replaceable Parts (Cont'd) 


0180-0230 CzFXD ELECT 1.0 UF 20% SOVDCW 0180-0230 2 
0180-0291 CzFXO ELECT 1.0 UF 10% 35V0CW 0180-0291 1 
0180-0369 C:FXD ELELT 2800 UF +75-10% 60VDCW 039823 2 
0180-6374 C2FXD ELECT 10 UF 10% 20VDCW 0180-0374 6 
0180-1735 Cz:FXD ELECT 0.22 UF 10% 35VDCW : 0180-1735 1 
0180-1746 C2FXO ELECT 15 UF 10% 20V0CW 0180-1746 1 
0180-2071 C:FXD ELECT 0.022 UF 10% 35VDCW 0180-2071 ? 
0370-0112 KNOB 2 BLACK» RANGE 0370-0112 1 
0370-0113 KNOB: BLAC Ky SENS IT IVITY 3} 0370-0113 1 
0370-0114 KNOB:RED W/ARROW 5/8" OD 1/8" SHAFT 0370-0114 1 
0370-0115 KNOB:RED BAK 5/8 DIA 1/8 SHAFT 0370-0115 1 
0510-C004 FASTENER CL-832-2€ 1 
0683-1055 R2FXD CUMP 1 MEGUHM 5% 1/4W CB 1055 1 
C686-1055 K:FXD CUMP 1 MEGUHM 5% 1/2W EB 1055 1 
0698-0082 RsFXD MET FLM 404 OHM 1% 1/8W 0698-0082 9 
0698-0083 RiFXD MET FLM 1.96K OHM 1/8W 0698-0083 14 
C6S8-0084 R:FXD MET FLM 2.15K OHM 1% 1/8W 0698-0084 15 
0698-0085 RiFXD MET FLM 2.61K OHM 1/8W 0698-0085 5 
0698-3101 R2FXO MET FLM 2.87K OHM 1/2W 0698-3101 2 
0698-2132 R2FXD MET FLM 261 OHM 1% 1/8W 0698-3132 2 
0698-3136 R:FXD MET FLM 17.8K OHM 1% 1/8W 0698-3136 11 
0698-3150 RiFXD MET FLM 2.37K OHM 1% 1/8W 0698-3150 4 
0698-3151 R2FXD MET FLM 2.87K OHM 1% 1/8W 0698-3151 3 
0698-23152 R2FXO MET FLM 3.48K OHM 1% 1/8W 0698-3152 1 
6698-3153 R2FXD MET FLM 3.83K OHM 1% 1/8W 0698-3153 17 
0698-3154 R2:FXD MET FLM 4.22K OHM 1/8W 0698-3154 3 
0698-3155 R:FEXD MET FLM 4.64K OHM 1/8W 80| 0698-3155 14 
0698-3156 R:FXD MET FLM 14.7K OHM 1/8W 0698-3156 1 
0698-3157 RiEXD MET FLM 19.6K OHM 1/8W 0698-3157 16 
0698-3158 R:FXD MET FLM 23.7K OHM 1/8W 0698-3158 2 
0698-3159 R2FXD FLM 26.1K OHM 1/8W 0698-3159 2 
0698-3160 R2FXD FLM 31.26K OHM 12 1/8W 0698-3160 2 
C698-3161 R2FXD MET FLM 38.3K OHM 1/8W 0698-3161 3 
0698-2162 R2FXD FLM 46.4K OHM 1/ 8W 0698-3162 9 
0698-3243 R2EXD 178K OHM 1% 1/8W 0698-3243 1 
0698-3275 R2FXD 4990 OHM 1% 1/8W 0698-3279 1 
C698-3400 RiFXD MET FLM 147 OHM 1% 1/2W 0698-3400 1 
0698-3403 R2EXD 348 OHM 1% 1/2W 0698-3403 1 
0698-3405 R2FXO 422 OHM 12 1/2W 0698-3405 3 
C698-3406 R2FXD 1.33K OHM 1% 1/2W 0698-3406 6 
(698-3407 R2FXD 1-96K OHM 1% 1/2W 0698-3407 2 
0698-3420 R:FXD 34.8K OHM 1% 1/2W 0698-3420 1 
C698-3431 R2FXD 23.7 OHM 1% 1/8W 0698-3431 2 
0698-3437 R2FXD 133 OHM 1/8W 0698-3437 8 
0698-3438 R2FXD 147 OHM 1/8W 0698-3438 7 
0698-3440 R2FXD 1960 OHM 1/8W 0698-3440 14 
0698-3441 R2FXD 215 OHM 1/8W 0698-3441 5 
0698-3442 R2FXD 237 OHM 1/8W 0698-3442 3 
0698-3444 RiFXD ME 316 OHM 1/8W 0698-3444 3 
0698-3445 R2FXD 348 OHM 1/8W 0698-3445 2 
C698-3446 R2FXD 383 OHM 1/8W 0698-3446 1 
0698-3447 R2FXD 422 OHM 1/8W 0698-3447 1 
0698-3449 R2EXD 28. 7K OHM 1% 1/8W 0698-3449 6 
0698-3450 R:FXD 42.2K OHM 1% 1/8W |} 0698-3450 2 


# See introduction to this section for ordering information 
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Table 6-2. Replaceable Parts (Cont'd) 


0698-3453 FLM 196K OHM 1/8W 0698-3453 ? 
0698-3454 MET FLM 215K OHM 1/8W 0698-3454 1 
0698-3455 MET FLM 261K OHM 1/8W 0698-3455 1 
0698-3459 MET FLM 383K OHM 1/8W 0698-3459 1 
C698- 3460 MET FLM 422K OHM 1/8W 0698-3460 2 
0698-4037 MET FLM 460.4 OHM 1% 1/8W 0698-4037 2 
C6S 8-4084 MET FLM 19.22 OHM 1/8W 069 8-40 84 1 
C6S 8-4085 MET FLM 20.8 OHM 1/8W 0698-4085 1 
C6S8-4086 MET FLM 22.6 OHM 1/8W 069 8-40 86 1 
06S &-4087 MET FLM 24.6 OHM 1/8W 0698-4087 1 
0658-4088 MET FiLM 27 GHM 12 1/8W 0698-4088 j 
C6S E-4089 MET FLM 29.7 OHM 12 1/8W 0698-4089 1 
0698-4090 MET FLM 32.8 OHM 12 1/8W 0698-4090 1 
C6$8-4091 MET FLM 40.80HM 12 1/8W 0698-4C0S$1 1 
0698-4092 MET FLM 45.5 OHM 1% 1/8W 0698-4092 1 
0658-4093 MET FLM 52 CHM 1% 1/8W 0698-4093 1 
06S 8-4094 MET FLM 59.5 OHM 12 1/8W 0698-4094 1 
C6S&-4095 MET FLM 68.6 GHM 1% 1/8W 0698-40 $5 1 
0658-4096 MET FLM 80.2 OHM 1% 1/8W 0698-4096 1 
C6S8-4097 MET FLM 94.8 OHM 1% 1/8W 0698-4097 1 
0698-4099 MET FLM 139 OHM 12 1/8W 0698-4099 1 
06S8-4100 MET FLM 1.26K OHM 1% 1/8W 0698-4100 2 
C698-4101 MET FLM 1.85K OHM 1% 1/8W 0698-4101 iz 
C6S8-4102 MET FLM 2.06K OHM 1% 1/38W 0698-4102 ? 
C698-4315 COMP 430 OHM 5% 1/2W 0698-4315 1 
G698-4349 MET FLM 99.5 OHM 1% 1/8W 0698-4349 2 
C69 8-5847 MET FLM 2150 OHM 0.5% 1/8W 0698-5847 ? 
0698-5848 MeT FLM 215 OHM 0.5% 1/8W 0698-5848 2 
C6S8-58506 MET FLM 681 OHM 0.5% 1/8W 0698-5850 2 
0698-5851 MET FLM 6.81K OHM 0.5% 1/8W 0698-5851 2 
0757-CC77 FLM 122K OHM 2% 1/4W 0757-CO77 ? 
C757-C123 MET FLM 34.8K OHM 124 1/8W 0757-0123 3 
C757-C1S8 MET FLM 100 OHM 12 1/2W 0757-0158 3 
C757-C199 MET FLM 21.5K GHM 1% 1/8W O757-G1S99 4 
0757-C2C0 MET FLM 5.602K GHM 1% 1/8W 0757-02C0 7 
C757-0274 MET FLM 1.21K OHM 1% 1/8W 0757-0274 1 
0757-C275 MET FLM 113 GHM 1% 1/8W 0757-0275 1 
0757-0278 MET FLM 1.78K OHM 1% 1/8W 0757-0278 2? 
0757-0279 MET FLM 3.16K GHM 12 1/8W 0757-0279 6 
C757-C286 MET FLM 1k OHM 1% 1/8W 0757-0280 19 
C757-C288 MET FLM 9Y.OSK GHM 12 1/8W 0757-0288 4 
0757-0289 MET FLM 13.3K OHM 1% 1/8W 0757-0289 3 
0757-C290 MET FLM 6.1S5K OHM 1% 1/8W 0757-0290 3 
0757-0294 MET FLM 17.8 OHM 12% 1/8W 0757-0294 4 
LO RSE fret O16 9 We’ FLM 42.2 OHM 1% 1/8W 0757-0316 1 
C757-C317 FLM 1.33K OHM 1% 1/8W 0757-0317 3 
0757-C346 FLM 10 OHM 12 1/8wW 0757-0346 2 
0757-0351 402 OHM 1% 1/4W 0757-0351 1 
0757-0390 36-25 OHM 1% 1/8W 0757-0350 1 
C757-0394 51.21 QHM 12 1/8W 0757-03394 9 
C757-0398 75 OHM 1% 1/8W 0757-03538 ? 
C757-C401 100 GHM 1% 1/8W 0757-0461 6 
0757-C462 110 OHM 1% 1/8W 0757-0462 2 
0757-0403 121 OHM 1% 1/8W 075 7-403 1 
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0757-0405 R3FXD 162 OHM 1/8W 0757-04C5 5 
0757-C4C6 R:FXD ME 1d2 OHM 1% 1/8W 0757-04C6 i 
0757-0416 R3FXD 511 OHM 1/8W é 0757-0416 H 
C€757-C419 R2FXD 681 OHM 1% 1/8W 0757-0419 1 
C757-C420 R3FXD 750 OHM 1/ 8WwW 0757-04 20 ? 
0757-C422 R2FXD 909 OHM 1% 1/8W 0757-0422 1 
075 7-C424 RsFXD : 1-10K 1/3W 0757-G4 24 1? 
0757-C428 R2FXD 4 Lleo2K OHM . 1/8w 0757-0428 7 
0757-C438 R2FXD 5e1l 1K OHM 1/38W 0757-C434 9 
0757-C439 R2FXD 6e61K OHM 1/38W 0757-0439 5 
C757-C440 R3FXD 7-50K OHM 1% 1/8W 0757-0440 4 
C757-C441 R2FXD = be25K OHM 1/3W c 0757-0441 4 
0757-0442 RsFXD 140.0K OHM 1/8W 0757-0442 it) 
C7571-C443 RzFXD 11.0K OHM 1/3W : }} O757-0443 2 
C757-C444 R3FXO 12.-1K OHM 1/8W i 075 17-0444 3 
C757-C447 RsFXD 16.2.2K OHM 1% 1/8 é 0757-0447 4 
C757-C456 RzFXD 51-1K OHM 1% 1/8W 0757-0458 1 
0757-C45S RsFXO 56e2K OHM 12 1/8W é 0757-0459 3 
C757-C460 R3FXD 61.9K OHM 1% 1/8W 0757-0460 1 
0757-C461 2FXD FLM 68.1K OHM 1/38W é 0757-0461 i 
C757-C462 K=FXD FLM 75.0K OHM 1/38W 0757-0462 4 
0757-C464 R3FXD FLM 90.S9K OHM 1% 1/38W 0757-0464 1 
0757-—C465 R2FXD FLM 100K OHM 1L& 1/8wW 6 0757-0465 10 
C757-C466 R2FXD FLM 110K OHM 1% 1/8w t 0757-0466 5 
C757-C467 R3FXD FLM 121K OHM 1% 1/8W 0757-0467 ? 
C757-0706 R2FXOB FLM 51.21 OHM 14 1/4W 3 0757-C7C6 1 
0757-C815 Rs*XD FLM 562 OHM 1% 1/2W 0757-0815 2 
O757-C833 R2FXD FLM 5.11K OHM 1% 1/2W é 0757-0833 1 
0757-1078 R3FXD MET FLM 1.247K OHM 12 1/2W é 0757-1C78 ? 
C757-1094 RzFXD FLM 1.47K OHM 1% 1/8W é 0757-1094 6 
0766-C024 R2FXD FLM 260 OHM 2% 3W 3 0766-G024 1 
0811-C040 R3FXD 1 OM 1% 5W 0811-0040 4 
O8V1I-—1637 R3FXD Ww 344.3 OHM 0.1% 1/3W 0811-1637 ] 
0811-1638 R2FXD ww 344.28 OHM 0.1% 1/8 0811-1638 1 
0811-1639 R3:FXD Ww 477.6 GHM 0.1% 1/8W 0811-1639 1 
C811-1640 RzFXD ww 1111 UHM 0.1% 1/8W 0811-1640 1 
0811-1641 R3FXD ww 6710 UHM 0.1% 1/8W 0811-1641 ? 
C811-1642 R2FXD ww 8825 OHM 0.1% 1/8W 0811-1642 1 
0813-COl7 R3sFXD ww 5 OHM 10% 5W 0813-0017 1 
0816-C010 R3FXD ww 12 OHM 10% 10W 0816-00 10 1 
1120-0361 METERSRMS VOLTS 1120-0361 1 
1120-C€C394 METERSDEGREFS 112U-0394 1 
1120-1466 METERSRMS VOLTS LIN LOG OPT 1120-1466 1 
1200-0041 SGCKETSTRANSISTOR 133-32-10-013 2 
1200-CO77 INSULATORS TRANSISTOR» MICA : #112 ? 
1205-0012 HEAT CISSIPATOR:SEMICONDUCTOR 1205-0012 1 
1205-0018 HEAT SINK y NF-203 1 
1205-0202 HEAT DISSIPATOR:SEMICONDUCTGOR 1205-0202 4 
1250-CC83 CONNECTOR =: BNC 1250-00 &3 ? 
H251—CV35 CCNNECTOR: BODY 15 PIN j 1251-135 11 
1251-0194 CCNNECTOR:PRINTED CIRCUIT 15-CONTACT 2S Oo 5 
Ledayl ahora CONNECTORS POWER 3-PIN MALE EAC-301 1 
1400-0084 FUSEHOLDERZS EXTRACTOR POST TYPE 342014 3 
1450-0708 LIGHT: INDICATGR AMBER 1450-0708 1 
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1490-0030 STAND: TILT 1490-0030 1 
1853-0C0l1 TRANSISTOR: PNP SILICON 30V 900OMW 1853-GO001 2 
1853-0009 TRANSISTOR: SILICON PNP 1853-0009 12 
1853-0010 TRANSISTOK:SILICON PNP 1853-0010 3 
1853-0020 TRANSISTGR:SILICUN PNP 1853-0020 oa 
1854-C003 TRANSISTOKZNPN SILICON 1854-0003 4 
1854-0005 TRANSISTOKZSILICOUN NPN 2N708 2N708 10 
1854-0020 TRANSISTUR=NPN SILICON 1854-0020 ? 
1854-CC35 TRANSISTUK:NPN SILICON 18654-0035 1 
1854-CC39 TRANSISTUR:SILICGN NPN 2N3053 2N3053 2 
1854-CC63 TRANSISTGRZINPN SILICON 2N3055 2N3055 ? 
1854-C071 TRANSISTOR:SILICON NPN 1854-00741 47 
1854-C371 TRANSISTOR: SILICON NPN 1854-0371 4 
1$01-C025 DIGDE:SILICON 10GOWV 1OOMA 1901-0625 3 
1901-0026 DIGDE:SILICON G.75A 200 PIV 1901-0026 4 
1901-0033 DIODE:SILICON LOUMA 1580WV 1901-0033 6 
1901-0040 DIODE:SILICON 30MA 30WV FDG10&8 $5 
1901-0047 DIODE JUNCTIUNZSILICON 20PIV 1901-0047 ] 
1901-0441 DICDE:STEP KECGVERY SILICON 90-160NS 1901-0441 1 
1902-0018 DIODE BREAKDUWN:11.7V 5% 1N941 2 
1902-0025 DIODE BREAKDOWN: 10.0V 5% 4OOMW 1902-0025 1 
1902-0048 DICDEs BK EAKDUWN: 6. 81V 1902-0048 1 
1902-0057 DIODE BRKREAKDUWN:6 .49V 1902-0657 2 
1902-C062 DICCE BREAKDOWN: 3.75V 1902-0062 ? 
1902-0126 DIODE BREAKUVUWN:2.61V 52 1902-0126 1 
1902-C184 DIODE BKEAKDUWN:SILICON 16.2V 5% 1902-0184 ? 
2100-0024 R:VAR COMP 1000 GHM 10% LIN 2wW 2100-0624 1 
2100-0328 R2VAR WwW 500 OHM 10% LIN 1wW 2100-0328 2 
2100-0942 R=VAR FLM 50K OHM 20% 3/4W 2100-0942 3 
2100-1658 R2VAR ww 2K OHM 10% 1W 2100-1658 2 
2100-1756 R2VAR WW 200 OHM 5% 2W 2100-1756 1 
2100-1757 R: VAR WW 500 OHM 5% 1W 2100-1757 2 
2100-1760 R3VAR Ww SK OHM 5% 1W 2100-1760 3 
2100-1761 R3VAR ww 10K OHM 5% 1W 2100-1761 

2110-0001 FUSE:1A 250V 312001. i 
2110-0202 FUSES0.50A4 250V 2110-0202 3 
2140-C244 LAMP:GLUW T-2 BULB 120M AMP 95VAC AlH 1 
2370-0020 SCREW:SST FH PHIL DR 6-32 X 3/16 GBD 1 
2515-COlT7 SCREWSPAN HD PHIL OR 8-32 X 1/4 08D ] 
2530-0011 SCREW: SST FLAT HUD 8-32 X 3/8 OBLD# 4 
Z550=CClS SCREWsSST BH 8-32 X 5/16 2550-0013 1 
3100-1831 SwWITCHsKUTARY 3100-1831 1 
3100-1832 SwITCHsRUT ARY 3100-1832 1 
3100-1833 SWITCHZRUTAKY 3100-1833 1 
3100-1834 SWITCH KOTAKY 3100-1834 1 
3100-1835 SwITCHZRUTARY 3100-1835 1 
3101-0901 SWITCHZPUSHBUTTON 3PDT NF-4009 1 
3101-1234 SWITCHSSLIDE DPDT 11A-1242 1 
3101-1248 SWITCHZPUSHBUTTON SPDT 53-55480-121/Al1H 1 
5000-0052 PLATES FLUTED ALUMINUM 5000-06C 52 1 
5000-C 742 COVER:SiDE 7 X 16 SM 5000-074? 1 
5020-0457 PROBE TIP 5020-0457 3 
5070-2045 CARD EXTRACTUR 5020-2045 1G 
5040-0218 COUPLERS SwITCH SHAFT 5040-U218 1 
5040-C404 HOLDER SPRUE 5040-0404 1 
5060-0222 HANDLE ASSY:SIDE 5000-0222 1 
5060-0734 PRAME SASSY afk = libs FM 5060-0734 1 
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5060-0 740 
5060-0752 


TOP CUVEK aASSY:16L FM 
BCTTOM CUVER ASSY:16L FM 


5060-C740 
Buo0=— C1 52 


5060-0765 
5060-0767 


RETAINEK-HANULE ASSY. 
ECG TAS ¥.s53% 


5C60-C€ 765 
5C60-C767 


5C60-C7716 KITS 7h KACK MOUNT 5060-0776 


1 
8120-1348 CABLE ASSY:PUWER CORD 8120-1348 1 
&710-C084 NUT DRIVERSHEX 3-32"HEX OPENING eae, ] 
91060-1610 CCIL2MOLUED CHOKE 0.215 UH 20% 9100-1610 ? 
1 


9100-1628 CCILSMOLUEU CHUKE 43.0 UH 5% 9100-1628 


9100-1653 CCIL:MOLUDEW UCHUKE 910.0 UH 5% 9100-1653 1 
G$16C-1698 TRANSFUKMER: PULSE 9100-1658 1 
9100-1706 TRANSFORMER: POWER 9100-1706 1 
$106-1718 CCIL:VAK 9100-17138 ? 
$100-17195 CCIL:VAR 9100-1719 ? 
9140-CO72 CCIL:RF 5GU0 UH 10% SA5000-I 1 
9140-C096 CGILSFXD RF 1 UH 9140-COS6 8 
$146-C0114 CCILZFXD RF 10 UH 9140-0114 rs 
9140-0118 CGIL:FXD 500 UH 52% 9140-0114 1 
9140-0120 COIL: FXD 0.150 20% 9140-0120 2 
9140-0138 COIL/CHOKE 180 UH 5% 9140-0138 3 
9140-0181 CCILSFXD RF 22UH 5% 12201 1 
OG1E7T-42106 RINGS IDENT #6LUE 00147-47106 1 
C8405-0011 SUB-PANEL: FRONT 08405-0011 1 
C84C5-0013 COVER: SWITCH 08405-0013 2 
C8405-0014 PLATE: SWITCH COVER 08405-0014 4 
C8405-0015 PLATE: PANEL, RIGHT 08405-0015 1 
08405-0016 PLATE: PANEL, CENTER 08405-0016 1 
C8405-0024 PANEL: REAR 08405-0024 1 
C8405-0025 PANEL: FRONT 08405-0025 1 
08405-2021 FXTRUSIUN:TUP 08405-2021 1 
08405-2022 EXTRUSION: BOTTOM 08405-2022 1 
08405-2044 PROBE INSULATOR 68405-2044 1 
08405-2032 RING: IGENT WHITE 08405-2032 1 
C8405-6002 BOARD ASSY:SAMPLER 084 C5-6007 ? 
C 8405-6003 BOARD ASSYz:ISOLATIUN AMP. 08405-6003 ? 
C8405-60C5 BOARD ASSY:PHASE SHIFTER 08405-6005 1 
C8405-60C6 BOARD ASSY:180 UEG. SWITCH 08405-6006 1 
084C5-60C9 BOARD ASSY:VULTMETER 08405-6009 1 
C8405-6010 BCAKD ASSY:APC AMPLIFIER 08405-6610 1 
C8405-6012 BGARD ASSY2 SEARCH 08405-6012 1 
C 8405-6013 BOARD ASSY: EQUALIZER 08405-6013 1 
C84C5-6014 BOARD ASSY:VTUO 08405-6014 1 
C8405-6015 BOARD ASSY:PULSE GENERATOR 08405-6615 1 
C8405-6016 BGARD ASSY¥Y:PUWERK SUPPLY 08405-6016 1 
€8405-6017 DELAY LINE ASSY 08405-6617 ] 
C 8405-6018 BOARD ASSYzEXTENUER 08405-6014 1 
C 8405-6020 KNCB:FREU KANGEoW/DIAL ATTACHED 08405-6620 1 
08405-6024 SwITCH ASSY:PHASE RANGE 08405-6624 ] 
C8405-6027 CABLE ASSYzAPC AMP. 08405-6027 1 
C£405-6028 CABLE ASSY 08405-6628 1 
C€8405-6029 CABLE aSSY¥:"8" IF OUTPUT 08405-6029 l 
C84C5-6030 CABLE ASSY:"A" IF OUTPUT 08405-6030 l 
C&4C5-6031 CABLE ASSY:ISULATION AMP. 08405-6041 ? 
C 8405-6032 CABLE ASSY:CGAXIAL 08405-6032 ? 
08405-6033 CABLE ASSY:CUAXIAL 08405-6033 ? 
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C8405-6034 
08405-6035 
C8405-6036 
08405-6037 
08405-6038 


C8405-6039 
C8405-6C40 
€84C5-6041 
C84C5-6042 
C84C05-6047 


C 8405-6048 
C€8405-6051 
C84C5-6052 
C 8405-6053 
C8405-6054 


C8405-6055 
C8405-6057 
08405-6058 
C€84C5-8001 
C84C5-8002 


08405-8003 
C84C5-80C4 
10213-67102 
10216-60001 
L11576A 
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CABLE ASSY:PULSE GENERATOR 
CABLE ASSY:OUTPUT DELAY LINE 
CABLE ASSY:INPUT DELAY LINE 
CABLE ASSY 

CABLE ASSY 


CABLE ASSY:SHORT AMP RANGE 
CABLE ASSY:MED AMP RANGE 
CABLE ASSY:LONG AMP RANGE 
SWITCH ASSY2:CHANNEL 

CABLE ASSY:SPECIAL COAX 


GROUND CLIP ASSY 

SWITCH ASSY:2AMPLITUDE RANGE 
SWITCH ASSY:PHASE METER OFFSET 
SWITCH ASSY:FREQ. RANGE 

BOARD ASSY=:PKOBE 


HOUSING ASSY:PROBE 
BOARD ASSY:IF SAMPLER 
BOARD ASSY:PHASE METER 
TRANSFURMER: BALUN 
TRANSFORMER STF 


TRANSISTGRZNPN SILICON SELECTED 
DIODES:SILICUN MATCHED PAIR 
CLIP2sGROUND 

ISOLATOR 

DIVE DERI uO et 


08405-6034 
08405-6035 
08405-6036 
08405-6037 
08405-6638 


08405-6039 
08405-6040 
08405-6041 
08405-6042 
08405-0047 


08405-6048 
08405-6051 


08405-60652 
08405-6053 
08405-6054 


08405-6055 


08405-6057 
08405-6058 
08405-8001 
08405-8002 


08405-8003 
08405-8004 


10213-62102 


10216-60001 
11576A 


# See introduction to this section for ordering information 


Model 8405A 


TABLE 6-3. 


CODE LIST OF MANUFACTURERS 


The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 
(Name to Code) and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the 
Supplements used appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to 
suppliers not appearing in the H4 Handbooks. 


Manufacturer Address 


U.S.A. Common 
McCoy Electronics 
Sage Electronics Corp. 


Any supplier of U.S. 
Mount Holly Springs, Pa. 
Rochester, N.Y. 


Cemco Inc. Danielson, Conn. 
Humidial Colton, Calif. 
Microtron Co., Inc. Valley Stream, N.Y. 
Garlock Inc. Cherry Hill, N.J. 
Aerovox Corp. New Bedford, Mass. 
Amp. Inc. Harrisburg, Pa. 


Aircraft Radio Corp. Boonton, N.J. 

Northern Engineering Laboratories, Inc. 
Burlington, Wis. 

Sangamo Electric Co., Pickens Div. 

Pickens: SoG. 
City of Industry, Cal. 
Los Angeles, Calif. 
Livingston, N.J. 


Goe Engineering Co. 
Carl E. Holmes Corp. 
Microlab Inc. 


01002 General Electric Co., Capacitor Dept. 
Hudson Falls, N.Y. 
01009 Alden Products Co. Brockton, Mass. 
01121 Allen Bradley Co. Milwaukee, Wis. 
01255 Litton Industries, Inc. Beverly Hills, Calif. 
01281 TRW Semiconductors, Inc. Lawndale, Calif. 
01295 Texas Instruments, Inc. , 
Transistor Products Div. Dallas, Texas 
01349 The Alliance Mfg. Co. Alliance, Ohio 
01589 Pacific Relays, Inc. Van Nuys, Calif. 
01670 Gudebrod Bros. Silk Co. New York, N.Y. 
01930 Amerock Corp. Rockford, Ill. 
01961 Pulse Engineering Co. Santa Clara, Calif. 
02114 Ferroxcube Corp. of America Saugerties, N.Y. 
02116 Wheelock Signals, Inc. Long Branch, N.J. 
02286 Cole Rubber and Plastics Inc. Sunnyvale, Calif. 
02660 Amphenol-Borg Electronics Corp. Broadview, III. 
02735 Radio Corp. of America, Semiconductor 
and Materials Div. Somerville, N. J. 
02771 Vocaline Co. of America, Inc. 
Old Saybrook, Conn. 
02777 Hopkins Engineering Co. San Fernando, Calif. 
02875 Hudson Tool & Die Co. Newark, N.J. 
03508 G.E. Semiconductor Prod. Dept. Syracuse, N.Y. 
03705 Apex Machine & Tool Co. Dayton, Ohio 
03797 Eldema Corp. Compton, Calif. 
03818 Parker Seal Co. Los Angeles, Calif. 
03877 Transitron Electric Corp. Wakefield, Mass. 
03888 Pyrofilm Resistor Co., Inc. Cedar Knolls, N.J. 
03954 Singer Co., Diehl Div. 
Finderne Plant Sumerville, N.J. 
04009 Arrow, Hart and Hegeman Elect. Co. 
Hartford, Conn. 
04013 Taurus Corp. Lambertville, N.J. 
04062 Arco Electronic Inc. Great Neck, N.Y. 
04222 Hi-Q Division of Aerovox Myrtle Beach, S.C. 
04354 Precision Paper Tube Co. Wheeling, III. 
04404 Dymec Division of Hewlett-Packard Co. 
Palo Alto, Calif. 
04651 Sylvania Electric Products, Microwave 
Device Div. Mountain View, Calif. 
04673 Dakota Engr. Inc. Culver City, Calif. 
04713 Motorola, Inc., Semiconductor Prod. Div. 
Phoenix, Arizona 
04732 Filtron Co., Inc. Western Div. 
Culver City, Calif. 
04773 Automatic Electric Co. Northlake, III. 
04796 Sequoia Wire Co. Redwood City, Calif. 
04811 Precision Coil Spring Co. El Monte, Calif. 
04870 P.M. Motor Company Westchester, III. 
04919 Component Mfg. Service Co. 
W. Bridgewater, Mass. 
05006 Twentieth Century Plastics, Inc. 
Los Angeles, Calif. 
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Code 
No. 


05245 
05277 


05347 
05397 


05574 
05593 
05616 


05624 
05728 


05729 
05783 
05820 
06004 


06090 
06175 
06402 
06540 


06555 


06666 
06751 
06812 


06980 
07088 
07126 
07137 
07138 


07149 
07233 
07256 
07261 
07263 


07322 
07387 
07397 


07700 
07829 
07910 
07933 


07980 


08145 
08289 
08358 


08524 
08664 
08717 
08718 


08727 
08792 
08806 
08984 


09026 
09134 


Address 


Manufacturer 


Components Corp. 
Westinghouse Electric Corp. 
Semi-Conductor Dept. 


Chicago, Ill. 


Youngwood, Pa. 


Ultronix, Inc. San Mateo, Calif. 
Union Carbide Corp., Elect. Div. 

New York, N.Y. 
Viking Ind. Inc. Canoga Park, Calif. 


Icore Electro-Plastics Inc. 
Cosmo Plastic 
(c/o Electrical Spec. Co.) 
Barber Colman Co. 
Tiffen Optical Co. 
Roslyn Heights, Long Island, N.Y. 
Westbury, N.Y. 


Sunnyvale, Calif. 


Cleveland, Ohio 
Rockford, Ill. 


Metro-Tel Corp. 
Stewart Engineering Co. Santa Cruz, Calif. 
Wakefield Engineering Inc. Wakefield, Mass. 
Bassick Co., Div. of Stewart Warner Corp. 
Bridgeport, Conn. 
Redwood City, Calif. 
Bausch and Lomb Optical Co. Rochester, N.Y. 
E.T.A. Products Co. of America Chicago, Ill. 
Amatom Electronic Hardware Co., Inc. 
New Rochelle, N.Y. 
Beede Electrical Instrument Co., Inc. 
Penacook, N.H. 
Indianapolis, Ind. 
Phoenix, Ariz. 


Raychem Corp. 


General Devices Co., Inc. 
Components Inc., Ariz. Div. 
Torrington Mfg. Co., West Div. 
Van Nuys, Calif. 
San Carlos, Calif. 
Van Nuys, Calif. 
Pasadena, Calif. 
Minneapolis, Minn. 


Varian Assoc. Eimac Div. 
Kelvin Electric Co. 
Digitran Co. 

Transistor Electronics Corp. 
Westinghouse Electric Corp. 

Electronic Tube Div. 
Filmohm Corp. 
Cinch-Graphik Co. 

Silicon Transistor Corp. 
Avnet Corp. 
Fairchild Camera & Inst. Corp. 

Semiconductor Div. Mountain View, Calif. 
Minnesota Rubber Co. Minneapolis, Minn. 
Birtcher Corp., The Monterey Park, Calif. 
Sylvania Elect. Prod. Inc., Mt. View Operations 
Mountain View, Calif. 

Cranford, N.J. 
Chicago, Ill. 
Hawthorne, Calif. 


Elmira, N.Y. 

New York, N.Y. 

City of Industry, Calif. 
Carle Place, N.Y. 
Culver City, Calif. 


Technical Wire Products Inc. 
Bodine Elect. Co. 
Continental Device Corp. 
Raytheon Mfg. Co., 
Semiconductor Div. Mountain View, Calif. 
Hewlett-Packard Co., Boonton Radio Div. 
Rockaway, N.J. 
Los Angeles, Calif. 
Pomona, Calif. 


U.S. Engineering Co. 
Blinn, Delbert Co. 
Burgess Battery Co. 
Niagara Falls, Ontario, Canada 
Deutsch Fastener Corp. Los Angeles, Calif. 
Bristol Co., The Waterbury, Conn, 
Sloan Company Sun Valley, Calif. 
ITT Cannon Electric Inc., Phoenix Div. 
Phoenix, Arizona 
National Radio Lab. Inc. Paramus, N.J. 
CBS Electronics-Semiconductor 
Operations, Div of C.B.S. Inc. 
Lowell, Mass. 
General Electric Co. Miniat. Lamp Dept. 
Cleveland, Ohio 
Indianapolis, Ind. 
Costa Mesa, Calif. 
Houston, Texas 


Mel-Rain 
Babcock Relays Div. 
Texas Capacitor Co. 


Code 
No. 


09145 
09250 
09353 
09569 


09922 
10214 


10411 
10646 
11236 
11237 


11242 
11312 
11314 
11453 
11534 
11711 


11717 
11870 
12040 
12136 
12361 
12574 


12697 
12728 
12859 
12881 
12930 
12954 
13103 
13396 
13835 


14099 
14193 
14298 
14433 


14493 
14655 
14674 
14752 
14960 
15203 
15287 
15291 
15558 


15566 
15631 
15772 


15801 
15818 
16037 
16179 
16352 
16585 
16688 


16758 
17109 
17474 
17554 
17675 
17745 


From: 


Section VI 
Manufacturer Address 
Tech. Ind. Inc. Atohm Elect. Burbank, Calif. 


Electro Assemblies, Inc. 
C & K Components Inc. 
Mallory Battery Co. of 
Canada, Ltd. 
Burndy Corp. 
General Transistor Western Corp. 
Los Angeles, Calif. 


Chicago, Ill. 
Newton, Mass, 


Toronto, Ontario, Canada 
Norwalk, Conn. 


Ti-Tal, Inc. Berkeley, Calif. 
Carborundum Co. Niagara Falls, N.Y. 
CTS of Berne, Inc. Berne, Ind. 
Chicago Telephone of California, Inc. 

So. Pasadena, Calif. 
Bay State Electronics Corp. Waltham, Mass. 
Teledyne Inc., Microwave Div. Palo Alto, Calif. 
National Seal Downey, Calif. 


Precision Connector Corp. Jamaica, N.Y. 
Duncan Electronics Inc. bosta Mesa, Calif. 
General Instrument Corp., Semiconductor 


Div., Products Group Newark, N.J. 
Imperial Electronic, Inc. Buena Park, Calif. 
Melabs, Inc. Palo Alto, Calif. 
National Semiconductor Danbury, Conn. 
Philadelphia Handle Co. Camden, N.J. 


Grove Mfg. Co., Inc. 
Gulton Ind. Inc. Data System Div. 
Albuquerque, N.M. 
Dover, N.H. 
W. Haven, Conn. 
Tokyo, Japan 
Clark, N.J. 
Newport Beach, Calif. 
Scottsdale, Arizona 


Shady Grove, Pa. 


Clarostat Mfg. Co. 
Elmar Filter Corp. 
Nippon Electric Co., Ltd. 
Metex Electronics Corp. 
Delta Semiconductor Inc. 
Dickson Electronics Corp. 
Thermolloy Dallas, Texas 
Telefunken (GmbH) Hanover, Germany 
Midland-Wright Div. of Pacific Industries, Inc. 
Kansas City, Kansas 
Newbury Park, Calif. 
Calif. Resistor Corp. Santa Monica, Calif. 
American Components, Inc. Conshohocken, Pa, 
ITT Semiconductor, A Div. of Int. Telephone 
& Telegraph Corp. West Palm Beach, Fla. 
Hewlett-Packard Company Loveland, Colo. 
Cornell Dublier Electric Corp. Newark, N.J. 
Corning Glass Works Corning, N.Y. 
Electro Cube Inc. San Gabriel, Calif. 
Williams Mfg. Co. San Jose, Calif. 
Webster Electronics Co. New York, N.Y. 
Scionics Corp. Northridge, Calif. 
Adjustable Bushing Co. N. Hollywood, Calif. 
Micron Electronics 
Garden City, Long Island, N.Y. 
Amprobe Inst. Corp. Lynbrook, N.Y. 
Cabletronics Costa Mesa, Calif. 
Twentieth Century Coil Spring Co. 
Santa Clara, Calif. 
Framingham, Mass. 
Mt. View, Calif. 
Spruce Pine, N.C. 
Farmington, Mich. 
Lodi, N.J. 
Pasadena, Calif. 


Sem-Tech 


Fenwal Elect. Inc. 
Amelco Inc. 
Spruce Pine Mica Co. 
Omni-Spectra Inc. 
Computer Diode Corp. 
Boots Aircraft Nut Corp. 
Ideal Prec. Meter Co., Inc. 
De Jur Meter Div. Brooklyn, N.Y. 
Delco Radio Div. of G.M. Corp. Kokoma, Ind, 
Thermonetics Inc. Canoga Park, Calif. 
Tranex Company Mountain View, Calif. 
Components Inc. Biddeford, Ma. 
Hamlin Metal Products Corp. Akron, Ohio 
Angstrohm Prec. Inc. No. Hollywood, Calif. 
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CODE LIST OF MANUFACTURERS (Continued) 


Address 


Manufacturer 


McGraw-Edison Co. Manchester, N.H. 
Power Design Pacific Inc. Palo Alto, Calif. 
Clevite Corp., Semiconductor Div. 

Palo Alto, Calif. 
Sunnyvale, Calif. 
Holliston, Mass. 


Signetics Corp. 
Ty-Car Mfg. Co., Inc. 


TRW Elect. Comp. Div. Des Plaines, III. 
Curtis Instrument, Inc. Mt. Kisco, N.Y. 
Vishay Instruments Inc. Malvern, Pa. 
E.1. DuPont and Co., Inc. Wilmington, Del. 


Durant Mfg. Co. Milwaukee, Wis. 
The Bendix Corp., Navigation & Control Div. 
Teterboro, N.J. 
Thomas A. Edison Industries, Div. of 
McGraw-Edison Co. West Orange, N.J. 
Concoa Baldwin Park, Calif. 
LRC Electronics Horseheads, N.Y. 
Electra Mfg. Co. Independence, Kansas 
General Atronics Corp. Philadelphia, Pa. 
Executone, Inc. Long Island City, N.Y. 
Fafnir Bearing Co., The New Britain, Conn. 
Fansteel Metallurgical Corp. N. Chicago, Ill. 
Texscan Corp. Indianapolis, Ind. 
British Radio Electronics Ltd. Washington, D.C. 
G.E£. Lamp Division 
Nela Park, Cleveland, Ohio 
General Radio Co. West Concord, Mass. 
Memcor Inc., Comp. Div. Huntington, Ind. 
Parelco Inc. San Juan Capistrano, Calif. 
Gries Reproducer Corp. New Rochelle, N.Y. 
Grobet File Co. of America, Inc. 
Carlstadt, N.J. 
Hollister, Calif. 
Lancaster, Pa. 
Stratford, Conn. 
Palo Alto, Calif. 
Kenilworth, N.J. 


Compac/Hollister Co. 

Hamilton Watch Co. 

Specialities Mfg. Co., Inc. 

Hewlett-Packard Co. 

Heyman Mfg. Co. 

Instrument Specialties Co., Inc. 

Little Falls, N.J. 
Owensboro, Ky. 

Chicago, III. 


G.E£. Receiving Tube Dept. 
Lectrohm Inc. 
Stanwyck Coil Products Ltd. 
Hawkesbury, Ontario, Canada 
Cunningham, W.H. & Hill, Ltd. 
Toronto Ontario, Canada 


P.R. Mallory & Co. Inc. Indianapolis, ind. 


Mechanical Industries Prod. Co. Akron, Ohio 
Miniature Precision Bearings, Inc. Keene, N.H. 
Muter Co. Chicago, Ill. 
C.A. Norgren Co. Englewood, Colo. 
Ohmite Mfg. Co. Skokie, III. 


Penn Eng. & Mfg. Corp. Doylestown, Pa. 

Polaroid Corp. Cambridge, Mass. 

Precision Thermometer & Inst. Co. 

Southampton, Pa. 
Waltham, Mass. 
Westminster, Md. 
Waltham, Mass. 


Microwave & Power Tube Div. 
Rowan Controller Co. 
Sanborn Company 


Shallcross Mfg. Co. Selma, N.C. 
Simpson Electric Co. Chicago, Ill. 
Sonotone Corp. Elmsford, N.Y. 


Raytheon Co. Commercial Apparatus & 

Systems Div. So. Norwalk, Conn. 
Spaulding Fibre Co., Inc. Tonawanda, N.Y. 
Sprague Electric Co. North Adams, Mass. 
Telex Corp. Tulsa, Okla. 
Thomas & Betts Co. Elizabeth, N.J. 
Triplett Electrical Inst. Co. Bluffton, Ohio 
Union Switch and Signal, Div. of 


Westinghouse Air Brake Co. Pittsburgh, Pa. 
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Code 
No. 


62119 
63743 
64959 
65092 
66295 
66346 


70276 
70309 
70318 


70417 
70485 
70563 
70674 
70903 
70998 
71002 
71034 
71041 


71218 
71279 
71286 
71313 


71400 


71436 
71447 
71450 
71468 
71471 
71482 
71590 


71616 
71700 
71707 
71744 
71785 


71984 
72136 
72619 
72656 


72699 
72765 
72825 
72928 
72962 
72964 
72982 
73061 
73076 
73138 


73293 


73445 
73506 
73559 
73586 
73682 


73734 
73743 
73793 
73846 


Address 


Manufacturer 


Universal Electric Co. 
Ward-Leonard Electric Co. 


Owosso, Mich. 
Mt. Vernon, N.Y. 


Western Electric Co., Inc. New York, N.Y. 
Weston Inst. Inc. Weston-Newark Newark, N.J. 
Wittek Mfg. Co. Chicago, Ill. 


Minnesota Mining & Mfg. Co. Revere Mincom Div. 


St. Paul, Minn. 
Allen Mfg. Co. Hartford, Conn. 
Allied Control New York, N.Y. 


Allmetal Screw Product Co., Inc. 
Garden City, N.Y. 


Amplex, Div. of Chrysler Corp. Detroit, Mich. 
Atlantic India Rubber Works, Inc. Chicago, Ill. 
Amperite Co., Inc. Union City, N.J. 
ADC Products Inc. Minneapolis, Minn. 
Belden Mfg. Co. Chicago, Ill. 
Bird Electronic Corp. Cleveland, Ohio 
Birnbach Radio Co. New York, N.Y. 
Bliley Electric Co., Inc. Erie, Pa. 


Boston Gear Works Div. of Murray Co. 

of Texas Quincy, Mass. 
Bud Radio, Inc. Willoughby, Ohio 
Cambridge Thermionics Corp. Cambridge, Mass. 
Camloc Fastener Corp. Paramus, N.J. 
Cardwell Condenser Corp. 

Lindenhurst L.1., N.Y. 

Bussmann Mfg. Div. of McGraw-Edison Co. 


St. Louis, Mo. 
Chicago Condenser Corp. Chicago, Ill. 
Calif. Spring Co., Inc. Pico-Rivera, Calif. 
CTS Corp. Elkhart, Ind. 


ITT Cannon Electric Inc. 
Cinema, Div. Aerovox Corp. 
C.P. Clare & Co. 
Centralab Div. of Globe Union Inc. 

Milwaukee, Wis. 


Los Angeles, Calif. 
Burbank, Calif. 
Chicago, Ill. 


Commercial Plastics Co. Chicago, Ill. 
Cornish Wire Co., The New York, N.Y. 
Coto Coil Co., Inc. Providence, R.|. 
Chicago Miniature Lamp Works Chicago, Ill. 


Cinch Mfg. Co., Howard B. Jones Div. 


Chicago, Ill. 
Dow Corning Corp. Midland, Mich. 
Electro Motive Mfg. Co., Inc. Willimantic, Conn. 
Dialight Corp. Brooklyn, N.Y. 
Indiana General Corp., Electronics Div. 

Keasby, NJ. 


General Instrument Corp., Cap. Div. Newark, N.J. 
Drake Mfg. Co. Harwood Heights, III. 
Hugh H. Eby Inc. Philadelphia, Pa. 


Gudeman Co. Chicago, Ill. 
Elastic Stop Nut Corp. Union, N.J. 
Robert M. Hadley Co. Los Angeles, Calif. 
Erie Technological Products, Inc. Evie, Pa. 
Hansen Mfg. Co., Inc. Princeton, Ind. 
H.M. Harper Co. Chicago, Ill. 


Helipot Div. of Beckman Inst., Inc. 
Fullerton, Calif. 
Hughes Products Division of Hughes 
Aircraft Co. Newport Beach, Calif. 
Amperex Elect Co. HirckS Ott (Sie e der miN t 
Bradley Semiconductor Corp. New Haven, Conn. 
Carling Electric, Inc. Hartford, Conn. 
Circle F Mfg. Co. Trenton, N.J. 
George K. Garrett Co., Div. MSL 
Industries Inc. Philadelphia, Pa. 


Federal Screw Products Inc. Chicago, Ill. 
Fischer Special Mfg. Co. Cincinnati, Ohio 
General Industries Co., The Elyria, Ohio 
Goshen Stamping & Tool Co. Goshen, Ind. 


Code 
No. 


73899 
73905 
73957 
74276 
74455 
74861 
74868 


74970 
75042 
18263 
75378 
75382 
75818 
75915 
76005 
76210 
76433 


76487 
76493 
76530 


76545 
76703 
76854 
77068 


77075 
77221 


71252 
77342 


77630 
77638 


71764 
77969 
78189 


78277 
78283 
78290 
78424 
78452 
78471 
78488 
78493 
78553 
78790 
78947 
79136 
79142 
79251 
79727 


79963 
80031 


80120 
80131 


80207 
80223 
80248 


80294 
80411 


From: 


Model 8405A 


Manufacturer Address 
JFD Electronics Corp. Brooklyn, N.Y. 
Jennings Radio Mfg. Corp. San Jose, Calif. 
Groov-Pin Corp. Ridgefield, N.J. 
Signalite Inc. Neptune, N.J. 
J.H. Winns, and Sons Winchester, Mass. 
Industrial Condenser Corp. Chicago, Ill. 


R.F. Products Division of Amphenol-Borg 
Electronics Corp. Danbury, Conn. 

E.F. Johnson Co. Waseca, Minn. 

International Resistance Co. Philadelphia, Pa. 


Keystone Carbon Co., Inc. St. Marys, Pa. 
CTS Knights Inc. Sandwich, Ill. 
Kulka Electric Corporation Mt. Vernon, N.Y. 
Lenz Electric Mfg. Co. Chicago, Ill. 
Littlefuse, Inc. Des Plaines, Ill. 
Lord Mfg. Co. Erie, Pa. 
C.W. Marwedel San Francisco, Calif. 
General Instrument Corp., Micamold Division 
Newark, N.J. 
James Millen Mfg. Co., Inc. Malden, Mass. 


J.W. Miller Co. Los Angeles, Calif. 
Cinch-Monadnock, Div. of United Carr 
Fastener Corp. San Leandro, Calif. 
Mueller Electric Co. Cleveland, Ohio 
National Union Newark, NJ. 
Oak Manufacturing Co. Crystal Lake, III. 
The Bendix Corp., Electrodynamics Div. 
N. Hollywood, Calif. 


Pacific Metals Co. San Francisco, Calif. 
Phanostran Instrument and Electronic Co. 
South Pasadena, Calif. 
Philadelphia Steel and Wire Corp. 
Philadelphia, Pa. 
American Machine & Foundry Co. Potter 
& Brumfield Div Princeton, Ind. 
TRW Electronic Components Div. Camden, N.J. 
General Instrument Corp., Rectifier Div. 
Brooklyn, N.Y. 
Resistance Products Co. Harrisburg, Pa. 
Rubbercraft Corp. of Calif. Torrance, Calif. 
Shakeproof Division of Illinois Tool Works 
Elgin, Ill. 
Sigma So. Braintree, Mass. 
Signal Indicator Corp. New York, N.Y. 
Struthers-Dunn Inc. Pitman, N.J. 
Speciality Leather Prod. Co. Newark, N.J. 
Thompson-Bremer & Co. Chicago, III. 
Tilley Mfg. Co. San Francisco, Calif. 
Stackpole Carbon Co. St. Marys, Pa. 


Standard Thomson Corp. 
Tinnerman Products, Inc. 
Transformer Engineers 
Ucinite Co. 
Waldes Kohinoor Inc. 
Veeder Root, Inc. 
Wenco Mfg. Co. 
Continental-Wirt Electronics Corp. 
Philadelphia, Pa. 
Zierick Mfg. Corp. New Rochelle, N.Y. 
Mepco Division of Sessions Clock Co. 
Morristown, N.J. 
Schnitzer Alloy Products Co. Elizabeth, N.J. 
Electronic Industries Association. Any brand 
Tube meeting EIA Standards-Washington, DC. 
Unimax Switch, Div. Maxon Electronics Corp. 
Wallingford, Conn. 
New York, N.Y. 


Waltham, Mass. 
Cleveland, Ohio 

San Gabriel, Calif. 
Newtonville, Mass. 
Long Island City, N.Y. 
Hartford, Conn. 
Chicago, III. 


United Transformer Corp. 
Oxford Electric Corp. Chicago, Ill. 
Bourns Inc. Riverside, Calif. 
Acro Div. of Robertshaw Controls Co. 


Columbus, Ohio ( 
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CODE LIST OF MANUFACTURERS (Continued) 


Address 


Manufacturer 


All Star Products Inc. 
Avery Label Co. 


Defiance, Ohio 
Monrovia, Calif. 


Hammarlund Co., Inc. Mars Hill, N.C. 
Stevens, Arnold, Co., Inc. Boston, Mass. 
Dimco Gray Co. Dayton, Ohio 
International Instruments Inc. Orange, Conn. 
Grayhill Co. LaGrange, Ill. 


Triad Transformer Corp. Venice, Calif. 
Winchester Elec. Div. Litton Ind., Inc. 

Oakville, Conn. 

Military Specification 

International Rectifier Corp. El Segundo, Calif. 

Airpax Electronics, Inc. Cambridge, Maryland 
Barry Controls, Div. Barry Wright Corp. 

Watertown, Mass. 


Carter Precision Electric Co. Skokie, Ill. 
Sperti Faraday Inc., Copper Hewitt 
Electric Div. Hoboken, N.J. 


Electric Regulator Corp. Norwalk, Conn. 
Jeffers Electronics Division of Speer 

Carbon Co. Du Bois, Pa. 
Fairchild Camera & Inst. Corp. Space & Defense 
System Div. Paramus, N.J. 
Maguire Industries, Inc. Greenwich, Conn. 
Sylvania Electric Prod. Inc. 

Electronic Tube Division Emporium, Pa. 
Astron Corp. East Newark, Harrison, N,J, 
Switchcraft, Inc. Chicago, Ill. 
Metals & Controls Inc. Spencer Products 

Attleboro, Mass. 


Phillips-Advance Control Co. Joliet, Ill. 
Research Products Corp. Madison, Wis. 
Rotron Mfg. Co., Inc. Woodstock, N.Y. 
Vector Electronic Co. Glendale, Calif. 


Hartwell Corp. Los Angeles, Calif. 
Carr Fastener Co. Cambridge, Mass. 
New Hampshire Ball Bearing, Inc. 
Peterborough, N.H. 
General Instrument Corp., Capacitor Div. 
Darlington, S.C. 
Los Angeles, Calif. 
Springfield, N.J. 


ITT Wire and Cable Div. 
Victory Eng. Corp. 


Bendix Corp., Red Bank Div. Red Bank, N.J. 
Hubbell Corp. Mundelein, Ill. 
Rosan Inc. Newport Beach, Calif. 
Smith, Herman H., Inc. Brooklyn, N.Y. 
Tech Labs Palisade’s Park, N.J. 
Central Screw Co. Chicago, Ill. 


Gavitt Wire and Cable Co. 
Div. of Amerace Corp. Brookfield, Mass. 
Burroughs Corp. Electronic Tube Div. 


Plainfield, N.J. 
Union Carbide Corp. Consumer Prod. Div. 

New York, N.Y. 
Model Eng. and Mfg., Inc. Huntington, Ind. 
Loyd Scruggs Co. Festus, Mo. 
Aeronautical Inst. & Radio Co. Lodi, N.J. 


Arco Electronics Inc. 
A.J. Glesener Co., Inc. 


Great Neck, N.Y. 
San Francisco, Calif. 


TRW Capacitor Div. Ogallala, Neb. 
Sarkes Tarzian, Inc. Bloomington, Ind. 
Boonton Molding Company Boonton, N.J. 


A.B. Boyd Co. 
R.M. Bracamonte & Co. 
Koiled Kords, Inc. 
Seamless Rubber Co. Chicago, III. 
Fafnir Bearing Co. Los Angeles, Calif. 
Clifton Precision Products Co., Inc. 

Clifton Heights, Pa. 
Precision Rubber Products Corp. Dayton, Ohio 


San Francisco, Calif. 
San Francisco, Calif. 
Hamden, Conn. 
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Code 
No. 


86684 


86928 
87034 
87216 


87473 


87664 
87930 
88140 
88220 
88698 
89231 
89473 
89665 
90030 
90179 


90970 
91146 
91260 
91345 
91418 
91506 
91637 
91662 
91737 
91827 
91886 
91929 


91961 
92180 
92367 
92607 


92702 
92966 
93332 


93369 
93410 


93632 
93929 
94137 
94142 
94144 


94148 


94154 
94197 


94222 
94330 
94375 
94682 


94696 
95023 


95236 
95238 
95263 
95265 
95275 
95348 
95354 


Address 


Manufacturer 


Radio Corp. of America, Electronic 

Comp. & Devices Div. 
Seastrom Mfg. Co. Glendale, Calif. 
Marco Industries Anaheim, Calif. 

Philco Corporation (Lansdale Division) 
Lansdale, Pa. 

Western Fibrous Glass Products Co. 

San Francisco, Calif. 
San Francisco, Calif. 
Providence, R.|. 


Harrison, NJ. 


Van Waters & Rogers Inc. 
Tower Mfg. Corp. 


Cutler-Hammer, Inc. Lincoln, Ill. 
Gould-National Batteries, Inc. St. Paul, Minn. 
General Mills, Inc. Buffalo, N.Y. 
Graybar Electric Co. Oakland, Calif. 
G.E. Distributing Corp. Schenectady, N.Y. 
United Transformer Co. Chicago, Ill. 


United Shoe Machinery Corp. Beverly, Mass. 
US Rubber Co., Consumer Ind. & Plastics 

Prod. Div. Passaic, N.J. 
Bearing Engineering Co. San Francisco, Calif. 


ITT Cannon Elect, Inc., Salem Div. Salem, Mass. 
Connor Spring Mfg. Co. San Francisco, Calif. 
Miller Dial & Nameplate Co. El Monte, Calif. 
Radio Materials Co. Chicago, Ill. 


Augat Inc. Attleboro, Mass. 
Dale Electronics, Inc. Columbus, Nebr. 
Elco Corp. Willow Grove, Pa. 


Gremar Mfg. Co., Inc. 
K F Development Co. 


Wakefield, Mass. 
Redwood City, Calif. 


Malco Mfg. Co., inc. Chicago, Il. 
Honeywell Inc., Micro Switch Div. 

Freeport, Ill. 
Nahm-Bros. Spring Co. Oakland, Calif. 


Tru-Connector Corp. 
Elgeet Optical Co. Inc. 
Tensolite Insulated Wire Co., Inc. 
Tarrytown, N.Y. 
Wesbury Long Island, N.Y. 
Kearney, N.J. 


Peabody, Mass. 
Rochester, N.Y. 


IMC Magnetics Corp. 
Hudson Lamp Co. 
Sylvania Electric Prod. Inc. 

Semiconductor Div. Woburn, Mass. 
Robbins & Myers Inc. Palisades Park, N.J. 
Stemco Controls, Div. of Essex Wire Corp. 

Mansfield, Ohio 
Culver City, Calif. 

Livingston, N.J. 


Waters Mfg. Co. 
G.V. Controls 


General Cable Corp. Bayonne, N.J. 
Phelps Dodge Yonkers, N.Y. 
Raytheon Co., Comp. Div., Ind. 

Comp. Operations Quincy, Mass. 


Scientific Electronics Products, Inc. 
Loveland, Colo. 
Wagner Elect. Corp., Tung-Sol Div. Newark, N.J. 
Curtiss-Wright Corp. Electronics Div. 
East Paterson, N.J. 


South Chester Corp. Chester, Pa. 
Wire Cloth Products, Inc. Bellwood, Ill. 
Automatic Metal Products Co. Brooklyn, N.Y. 


Worcester Pressed Aluminum Corp. 

Worcester, Mass. 
Magnecraft Electric Co. Chicago, Ill. 

George A. Philbrick Researchers, Inc. 
Boston, Mass. 
Dania, Fla. 
Woodside, N.Y. 
Long Island, N.Y. 
Sheridan, Wyo. 
Bridgeport, Conn. 
Bloomfield, N.J. 
Rolling Meadows, III. 


Allies Products Corp. , 
Continental Connector Corp. 
Leecraft Mfg. Co., Inc. 
National Coil Co. 

Vitramon, Inc. 

Gordos Corp. 

Methode Mfg. Co. 


Code 
No. 


95566 
95712 
95984 
95987 
96067 
96095 
96256 
96296 
96306 


96330 
96341 
96501 
96733 


96881 
97464 
97539 
97979 
97983 


98141 
98159 
98220 


98278 
98291 
98376 
98410 
98731 


98734 


98821 
98978 


99109 
99313 
99378 
99515 
99707 


99800 
99848 
99928 
99934 
99942 


99957 


Section VI 


Manufacturer Address 
Arnold Engineering Co. Marengo, Il. 
Dage Electric Co., Inc. Franklin, Ind. 
Siemon Mfg. Co. Wayne, Ill. 
Weckesser Co. Chicago, Ill. 
Microwave Assoc., West Inc. Sunnyvale, Calif. 
Hi-Q Div. of Aerovox Corp. Olean, N.Y. 
Thordarson-Meissner Inc. Mt. Carmel, Ill. 


Solar Manufacturing Co. Los Angeles, Calif. 
Microswitch, Div. of Minn. —Honeywell 


Freeport, Ill. 
Carlton Screw Co. Chicago, Ill. 
Microwave Associates, Inc. Burlington, Mass. 
Excel Transformer Co. Oakland, Calif. 


San Fernando Elect. Mfg. Co. 
San Fernando, Calif. 


Thomson Ind. Inc. Long Is., N.Y. 
Industrial Retaining Ring Co. Irvington, N.J. 
Automatic & Precision Mfg. Englewood, N.J. 
Reon Resistor Corp. Yonkers, N.Y. 


Litton System Inc., Adler-Westrex 
Commun. Div. New Rochelle, N.Y. 
R-Troncis, Inc. Jamaica, N.Y. 
Rubber Teck, Inc. Gardena, Caiif. 

Hewlett-Packard Co., Moseley Div. 
Pasadena, Calif. 


Microdot, Inc. So. Pasadena, Calif. 
Sealectro Corp. Mamaroneck, N.Y. 
Zero Mfg. Co. Burbank, Calif. 
Etc Inc. Cleveland, Ohio 


General Mills Inc., Electronics Div. 
Minneapolis, Minn. 

Paeco Div. of Hewlett-Packard Co. 
Palo Alto, Calif. 
North Hills Electronics, Inc. Glen Cove, N.Y. 

International Electronic Research Corp. 

Burbank, Calif. 
New York, N.Y. 
Palo Alto, Calif. 


Columbia Technical Corp. 
Varian Associates 
Atlee Corp. Winchester, Mass. 
Marshall Ind. , Capacitor Div. Monrovia, Calif. 
Control Switch Division, Controls Co. 

of America El Segundo, Calif. 
Delevan Electronics Corp. East Aurora, N.Y. 
Wilco Corporation Indianapolis, Ind. 
Branson Corp. Whippany, N.J. 
Renbrandt, Inc. Boston, Mass. 
Hoffman Electronics Corp. 

Semiconductor Div. El Monte, Calif. 
Technology Instrument Corp. of Calif. 

Newbury Park, Calif. 


THE FOLLOWING HP VENDORS HAVE NO NUMBER 
ASSIGNED IN THE LATEST SUPPLEMENT TO THE 
FEDERAL SUPPLY CODE FOR MANUFACTURERS 


HANDBOOK. 
OO00F Malco Tool and Die Los Angeles, Calif. 
0000Z Willow Leather Products Corp. Newark, N.J. 
QOOAB ETA England 
Q00BB Precision Instrument Components Co. 
Van Nuys, Calif. 

OOOCS Hewlett-Packard Co., Colorado Springs 

Colorado Springs, Colorado 
QOOMM Rubber Eng. & Development Hayward, Calif. 
OOONN A ‘‘N'' D Mfg. Co. San Jose, Calif. 
000QQ Cooltron Oakland, Calif. 
QOOWW California Eastern Lab. Burlington, Calif. 
OOOYY S.K. Smith Co. Los Angeles, Calif. 
From: FSC. Handbook Supplements 
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Section VII 


SECTION VII 
SCHEMATIC DIAGRAMS 


7-1. INTRODUCTION. 


7-2. This section contains schematic and component 
locations diagrams. Figure 7-2 lists notes and symbols 
which apply to all schematic diagrams. For clarity, 
some of the symbols used are also explained here. 
Figure 7-4 is afunctional block diagram which includes 
the schematic location of circuit sections by page 
number. Each schematic diagram has been presented 
following the general guide lines listed below. 


a. Schematics inthis manual show electrical circuit 
operation and are not intended as wiring diagrams. 
Switch and circuit board assemblies often appear in 
part on several different schematics. To finda specific 
instrument component or circuit section, refer to 
Figure 7-4 or the REFERENCE DESIGNATION" box 
on each schematic where the reference designators are 
listed for all components. 


b. Special notes that only refer to one circuit section 
of the instrument are given on the schematic of the 
circuit section only. 


c. Circuit assemblies are outlined and shown as 
shaded areas. The component reference designations 
within these shaded assemblies are abbreviated. Full 
component designation includes assembly number 
(see Schematic Information illustration shown below). 


7-3. REPLACEMENT INFORMATION 


7-4. For repair and replacement information, refer 
to the REPAIR AND REPLACEMENT information which 
is included in Section V. For specific component 
descriptions and/or ordering information refer to 
page 6-1. 


NOTE 


See inside rear cover 
for overall schematic. 


Assembly Assembly 
Designation Name 


-eoeoOoO OOOO 
A2 DC REGULATOR ASSY (08708-6007) 


@y 
G47) 


Ql 


2 | 


% 
Cl 
80pf 


— 
= 


| 

! 

| 

| 

| 
xA2 


Value selected Plug-in 
for best Operation Socket 
value shown is 


Wire Color. ColorCode same as Resistor Code. 
First number tdentifies Ground Color, Second 
Number identifies Wider Strip, Third Number 
identifres Narrower Strip. E.g., 947 denotes 
White, Yellow, Violet wire (MIL-STD-681). 


REFERENCE DESIGNATIONS 


NO PREFIX 
—- 


Al, 2 
J3 


Assembly 
Part No. 


Reference 
Designation 
Index 
J3 not Mounted 
on Assembly A2 


Socket Designation 
For A2 Assy. 


Number indicates 
Pin of Socket (XA2) 


Connector 
Information 


Average or most 
Commonly selected value 


Figure 7-1. Explanations of General Information on Schematic Diagrams 
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Section VII Model 8405A 


Resistance in ohms, capacitance in microfarads 
unless otherwise noted. 


voltage regulator (breakdown) 
diode 


* asterisk denotes a factory selected 
Da step recovery diode 
2. Soe Tees field effect transistor with P- 
material base 


panel control 


5 aa encloses front panel designation 8. CONDITIONS FOR MEASUREMENTS 


ae encloses rear panel designation i Power Supply Currents 
(1) For +20V supplies: 
FREQ RANGE-MHz ..... 1-4MHz range 
2 ie circuit assembly borderline PHASE METERVOFFSET:.4 <. 2a -80 


Other control settings optional 
bs pa 5 on other assembly borderline 


(2) For -20V supplies: control settings optional 


a GE) encloses wire color code. Wire (3) For both +20V and -20V supplies: 
color code (MIL-STD-681) same as ac line voltage - 115 
resistor color code. First number Gurr entimeteme HP 4088 


identifies ground color, second number identi- 
fies wide stripe, third number identifies nar- 
row stripe. E.g., denotes white ground, 
yellow wide stripe, violet narrow stripe. b. Dual Voltages in Equalizer and VTO 


no connection to input probes 


(1) FREQ RANGE MHz 1-4MHz range 
6) eS heavy line with arrows indicates probe A input .... 1MHz (2MHz for volt- 

path and direction of main signal. ages in parenthesis) and (2MHz) at level 
that extinguishes APC UNLOCKED 


ee heavy dashed line with arrows indi- 
cates path and direction of main 
feedback. 


(2) Voltages taken with HP 414A DC Voltmeter 


heavy dotted line indicates path and a AIO ner aces 


BOOK) direction of sampling pulse. 


(1) No RF signal applied to input probes, probes 
unter minated. 


wiper moves toward CW with clock- 
wise rotation of control as viewed (2) Control settings optional. 
from shaft or knob. 


(3) Line voltage: 115. 


A small triangle indicates a matched 


set of diodes. (4) Voltages taken with HP 414A DC Voltmeter. 


Figure 7-2. Schematic Diagram Notes 
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Al8 ASSY 


(AISRI | 
[GAIN ADJ, 
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(IF AD, 
A5 ASSY 
‘ASR | 
[GAIN ADJ, 
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th a | 
[A4R5— | 
LGAIN ADJ) 
}A4R20_ | 
pBIAS ADJ, 


A3 ASSY 


TASRS | 
Seb 
FA3RI5 | 
|SYMMETRY, 
ee I 


Al7 
DELAY LINE 
ASSY 


| DELAY] 
i ADJ | 


Figure 7-3. 


Al5 
ASSY 


Al4 
ASSY 


Al3 AlO A26 
ASSY ASSY EXTENDER 


Component Identification, Top View 
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wo 
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e ry 
Jl < t 20 kHz fl 


CHANNEL A RF-TO-IF CONVERTER a ae H Te OUTROT 
PROBE A (APC REFERENCE) @ cain 2 a PHASE METER ee a 1A} 
‘ ADJ ADJ 
| a TOKHE AWPLIFIER se SuirreR pets 
SAMPLING | SAMPLER INPUT z PHASE SHI - 
ee A] GATE | AMPLIFIER AMPLIFIER (KHz BANDWIDTH ie AND. BANDPASS 
| AIGR23; ,AIGRII AIAICRI~4 | AIAIQL A5QI-3 ASQ4-6,A7Q1 FILTER 
Vt ! i = 102-4 
! itd lt A6 AT7 | 1 | { 
i AD’ iL ASSY ASSY TI \ aos A. 
BIAS 
R3 NETWORK 
SYMg, “ A302 
ez aps 2 == 
i «kh OPa, | 
Al6 ASSY ' - ; A8R24) AUTOMATIC PHASE CONTROL LIMITER , 
—— —METER CAL| A105-6 
jAISLI L ADy} 
gFADI; = if SAMPLING 
ems a aryrcirecre LIMITING 
A8R26! DECOUPLING PULSE 
Sine }- VOLT LIMIT] | DIODE GENERATOR PHASE COMPARATOR og aa ieee 
ADJ AND LOW PASS @ -NETER 
nat 4 ee | | Al9CRI FILTER yj CAL. ADJ 
,AIBRIL j = pies. : ALO / 
{GAIN ADJ; Y MET Oe Rica CONSTANT 
faaee . iw UL N 
jASLL eo ADI DELAY LINE GENERATOR TIGGER CURRENT 
\FADJ ~_ > SS eee we eee, lL CA AIT A106 ae SOURCE 
(IF_ADJ ie Saati ABOI-3, ABOT itRSS 
AS ASSY LevoLT LIMIT! Bias 
ASR 2 ADu! AD) ; LOW PASS 
H i PULSE 0,98-2MHz VARIABLE GAIN PHASE FILTER. AND 
{GAIN ADJ; GENERATOR vT0 AMPLIFIER INVERTER 90° PHASE E VOLTAGE 
Aa ASSY AIS A1403-8 ANGQl Al102 SHFTER hun Abd 
1101 
/ 
pao y 
/ASRI5 | i fs 
| SYMMETRY; DECOUPLING i Qaaasi ule ae J3/ 1 RECORDER | 
,ADJ \ D100 LE SAMPLER ae DETECTOR SWITCH tse se 
ans : a ! mate F—]_ ey : 
ere e ee I MHz L_PHASE 
jA4R5 | AGR37 
’ WETER ion 
td 
A4R20_ ‘| SS / 
IAS A zs / 
wee A APC UNLOCKED Sarse : 
[APC UNLOCKED] 
A3 ASSY = TRIGCER Onassi = 
cENEATOR 
a a Al206 AB04-6, ABO 
‘GAIn ADS! ASQ ASSY PHASE METER 
[GAIN ADJ 
EMITTER SIDEBAND 
Gio =~ - FOLLOWER IDENTIFIER A2isI je) 
jA3RI5 i A205 AL2CR2 | 
, SYMMETRY; CHANNEL 8 _RF-TO-IF CONVERTER SEARCH RAMP y / AB +METERCAL | 
te = GENERATOR A——J) CONTROLLED “a ADJ 
eee Al207-10 SEARCH MITER 2 
SPEED FREQ — 10 — VOLTAGE PHASE LIM / CURRENT 
CONVERTER INVERTER ABOS~6 ae SOURCE = KL 
npc ee BIAS gy 1203 A120 ya 7 Lee Ag+ voutace 
jA3R20_ | AE Nl erie ; Z Be imit Add 
BIAS ADJ DC FEEDBACK - Xs 
“Ninel mane NeTWoRK fq SFSPOACE _—__-___. vil 
rn / ae AC FEEDBACK ! Cp eae a: 
eae ee H » i £37 * [PHASE 
I Ey FINDER 
Al? DELAY! TAI5R3I AIS Al4 Al3 Alo A26 SAMPLING | SAMPLER INPUT ! 20KH2 AMPLIFIER PHASE SHIFTER 
DELAY LINE . ADJ } | BIAS| ASSY ASSY ASSY ASSY EXTENDER GATE AMPLIFIER AMPLIFIER I KHz BANDWIDTH LIMITER AND BANDPASS 
ASsy ots LADS 4 A2AICRI-4 A2AIOL AGQI ae AIBQI-3 A1804-6, ABQ! FILTER 
ADJ ; i] Naty ; AG02-4 
ae ne y GAIN GAIN —_ = 
PROBE B 0 N05 o ADJ VOLTMETER —— = 
— —— — — AMPLITUDE RANGE | A22SI 
| Gal cl ok ee ee 
M2 H H 
Azasi@- \, AMPLIFIER ATTENUATOR AMPLIFIER olay OUTPUT 
(SURE 10-1000 av ASQI-3 01-10 WV 904-6 pAMPLITUDE ) 
CHANNEL atta 
| =a [ 20kHz | 
wa = - LF OUTPUT | 
CE + 
< pel 
8405-02 


Figure 7-3. Component Identification, Top View 


Figure 7-4. Functional Block Diagram 
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AIAl_ PROBE A ASSY (08405-6054) 
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RF Sampling Section 


Figure 7-6(b). Schematic Diagram. 


Figure 7-6(a). RF Sampling (Circuit Description) 
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Figure 7-11(b). Schematic Diagram, Phase Meter 
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Figure 7-18(b). Schematic Diagram. Power Supplies 
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Figure 7-18(a). Power Supplies (Circuit Description) 
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Model 8405A Appendix I 


APPENDIX | 


MANUAL CHANGES 


MODEL 8405A 
VECTOR VOLTMETER 


Manual Serial Prefixed: 946- 
HP Part No. 08405-90022 


To adapt this manual to instruments with Serial Numbers listed in the table below, make the indicated manual 
changes. 


Information for adapting this manual to instruments with Serial Numbers not listed in the table below may be 
included in a yellow MANUAL CHANGES insert supplied with this manual. Information about serial numbers 
not covered in any of these ways can be obtained from your nearest Hewlett-Packard office. 


1 
942-02910 thru 942-02861 ieee 
Le 


942-02860 thru 942-02811 


942-02810 thru 942-02780 
838-02779 thru 838-02711 


ils Dhettia Cs Givetey Wea bee Mealiteg mia aes, wee 
15, 16 


Leno eat Ohl Oe 0 a) len Lael oe Le 
doe LO.agL d 


CHANGE 1: Page 6-25: 
; Change DS2 to 1450-0138, LIGHT, INDICATOR, RED 


CHANGE 2: Page 6-25: 
Change Pl to Part No. 1251-0148 
Change S1 to Part No. 3101-0100 
Change $2 to Part No. 3101-0033 


Page 6-26: 
Change W11 to Part No. 8120-0078 


Page 6-27: 
Change Item 2 to Part No. 08405-0001 
Change Item 13 to Part No. 08405-0002 


Page 7-19/7-20 
Change $1 pin numbers from 3 to 1, from 6 to 2, from 1 to 4, and from 4 to 5, 


i-1 


Appendix I 


CHANGE 3: 


CHANGE 4: 


CHANGE 5: 


CHANGE 6: 


CHANGE 7: 


CHANGE 8: 


i-2 


Model 8405A 


Page 6-2: 


Change A3R5 to HP Part No. 2100-0783, R: VAR WW 200 OHM 5% 1W. 
Page 6-3: 


Change A3R27 to HP Part No. 0757-0401, R: FXD MET FLM 100 OHM 1% 1/8W 
FACTORY SELECTED PART. 


Change A4R5 to HP Part No. 2100-0783, R: VAR WW 200 OHM 5% 1W. 
Page 6-4: 


Change A4R27 to HP Part No. 0757-0401, R: FXD MET FLM 100 OHM 1% 1/8w, 
FACTORY SELECTED PART 


Page 6-8: 
Delete A8CR4, A8CR5, A8L1, and A8L2. 
Page 6-9: 


Change Part No. of Heat Dissipator under A8Q14, A8Q15, A8Q18 and A8Q19 to 
1205-0041. 


Page 6-10: 
Delete A8R38. 
Page 7-11/7-12: 
Delete A8CR4, A8CR5, A8L1, A8L2 and A8R38. 


Page 6-3: 


Change A3R19 to HP Part No. 0698-3153, R: FXD MET FLM, 3.83K OHM 1% 1/8W. 
Change A4R19 to HP Part No. 0698-3153, R: FXD MET FLM, 3.83K OHM 1% 1/8W. 


Page 7-5/7-6: 
Change A3R19 and A4R19 to 3. 83K OHM. 


To reduce Residual Noise level caused by power supply, it is recommended that resistors 
A16R8 and A16R20 be changed. 


From: 0698-3150 R: FXD MET FLM , 2.37K OHM 1% 1/8W. 
To: 0757-0077 R: FXD MET FLM 1.2K OHM 2% 1/4W. 


To reduce the amplitude error of the voltmeter above 800 MHz and on the 0 dB range, it 
is recommended that resistors A3R21, A3R25, A4R21 and A4R26 be changed. 


From: 0757-0316 R: FXD MET FLM 42.2 OHM 1% 1/8W. 
To: 0757-0294 R: FXD MET FLM 17.8 OHM 1% 1/8W. 


This change applies ONLY to the A8 Phase Meter Assy with HP Part Number 08405-6058. 
To eliminate spurious or erratic phase meter indications, it is recommended that induc- 
tors A8L1 and A8L2 be removed. 


Delete: A8L1, L2 9140-0120 COIL: FXD 0.10 ywH 20%. 


Model 8405A 


CHANGE 9: A8 Phase Meter Assy is different (see Figure 1 below) than shown in Figure 7-11. 


Table 6-1, Pages 6-8, 6-9 and 6-10, 


Add: A8CR4, 6; 1901-0040; DIODE SILICON 30 MA 30 MV 
A8CR5, 7; 1902-3106; DIODE BREAKDOWN 5.76 V 
A8R28, R35; 0757-0279; R:FXD 3.16K ohm 1% 1/8 W 


Change: A8 Phase meter assembly part number to 08405-6008. 
Change Resistors A8R26, R33, 


To: 2100-1657 R:VAR WW 1K OHM 10% 1 W 
From: 0757-0405 R:FXD MET FLM 162 OHM 1% 1/8 Ww 


Change Resistors A8R27, R34, 


To: 0698-0084 R:FXD MET FLM 2. 15K OHM 1% 1/8 W 
From: 0698-3101 R:FXD MET FLM 2. 87K OHM 1% 1/2 W 
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Figure 1. Partial Schematic of A8 Phase Meter Assy (08405-6008) 
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CHANGE 9: (Cont. ) 


Table 6-2, pages 6-29 thru 6-32, 


HP Part Number 0698-3101 change TQ to 0. 
HP Part Number 0698-0084 change TQ to 17. 
HP Part Number 0757-0279 change TQ to 8. 
HP Part Number 0757-0405 change TQ to 3. 
HP Part Number 1901-0040 change TQ to 36. 


Add the following: 


HP Part Number 1902-3106; Diode breakdown 5.76 volts; 28480; TQ 2. 
HP Part Number 2100-1657; R:VAR WW 1000 ohm 10% 1 W; 28480; TQ 2. 


CHANGE 10: a.) A1l Sampler Assy 08405-6011 is different (see Figure 2) than shown in Figure 7-15. 


Table 6-1, Pages 6-13 thru 6-15, 


Add: A11C9 0150-0050 C:FXD CER 1000 PF 600VDCW 
A11C10 0140-0176 C:FXD MICA 100 PF 2% 
A11C14 0140-0176 C:FXD MICA 100 PF 2% 
A11C15 0150-0050 C:FXD CER 1000 PF 600VDCW 
A11C18 0180-0116 C:FXD ELECT 6.8 UF 10% 35VDCW 
A11R14 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W 
A11R16 0698-3157 R:FXD MET FLM 19.6K OHM 1% 1/8W 
A11R17 0757-0440 R:FXD MET FLM 7.5K OHM 1% 1/8W 
A11R27 0757-0440 R:FXD MET FLM 7.5K OHM 1% 1/8W 
A11R29 0698-3157 R:FXD MET FLM 19.6K OHM 1% 1/8W 
A11R30 0757-0394 R:FXD MET FLM 51.1 OHM 1% 1/8W 
A11R32 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W 
A11R33 0698-3440 R:FXD MET FLM 196 OHM 1% 1/8W 


Change: 


A11CR17 and A11CR6; 1903-0006; Diode 4 layer silicon 
A11Q2; 1854-0087; Transistor; NPN Silicon 2N3417 
A11Q3; 1854-0071; Transistor; NPN Silicon 

A11Q6; 1854-0071; Transistor; NPN Silicon 

A11R8 & R9; 0757-0417; R:FXD 562 OHM 1% 1/8W 
A11R15 & R28; 0757-0279; R:FXD 3. 16K OHM 1% 1/8W 


Delete: A11Q7 


Table 6-2, Pages 6-28 thru 6-32, 


HP Part Number 0140-0176 change TQ to 8 
HP Part Number 0150-0050 change TQ to 3 
HP Part Number 0180-0116 change TQ to 7 
HP Part Number 0698-0084 change TQ to 15 
HP Part Number 0698-3157 change TQ to 16 
HP Part Number 0698-3440 change TQ to 15 
HP Part Number 0757-0394 change TQ to 10 
HP Part Number 0757-0440 change TQ to 6 
HP Part Number 0757-0346 change TQ to 4 
HP Part Number 0757-0279 change TQ to 10 
HP Part Number 0757-0815 change TQ to 0 
HP Part Number 1853-0010 change TQ to 1 
HP Part Number 1854-0039 change TQ to 0 
HP Part Number 1854-0071 change TQ to 49 
HP Part Number 1901-0040 change TQ to 34 


Add the following: 
0757-0417; R:FXD 562 OHM 1% 1/8W; TQ 2 
1854-0087; Transistor NPN Silicon 2N3417; TQ1 
1903-0006; Diode 4 Layer Silicon; TQ 2 


b.) In the event of A12R27 failure, it is recommended that the value be changed. 
From: 0698-3446 R:FXD 3830HM 1% 1/8W 
To: 0686-4315 R:FXD 4302 5% 1/2W 
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CHANGE 12: 


CHANGE 13: 


CHANGE 14: 


CHANGE 15: 


CHANGE 16: 


CHANGE 17: 
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Model 8405A 


To improve reliability of the A13 EQUALIZER Assy (08405-6013) it is recommended 
that capacitors A13C3 and A13C4 be changed. 


From: 0170-0069 C:FXD Poly 0.1 pf 2% 50 VDCW 
To: 0160-0168 C:FXD MY 0.1 uf 10% 200 VDCW 


a.) To improve circuit performance of the A1l5 Pulse Generator Assy (08405-6015) it 
is recommended that Resistors A15R1 and A15R2 be changed. 


From: 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8w 
To: 0757-0396 R:FXD MET FLM 51.1 OHM 1% 1/8W 


b.) To improve circuit performance of the All Sampler Assy (08405-6011), it is 
recommended that Resistors A11R16 and A11R29 be changed. 


From: 0698-3157 R:FXD MET FLM 19.6K OHM 1% 1/8W 
To: 0757-0458 R:FXD MET FLM 51. 1K OHM 1% 1/8W 


a.) An improved probe Assy 08405-6054 (item "'C" of Figure 3 of this Appendix) 
was designed for use with all 8405A Vector Voltmeters, regardless of prefix serial number. 


NOTE 


Type "A" probes (08405-6001) or type ''B" probes (08405- 
6046) are no longer available. In the event of a type ''A" 
or type''B" probe failure, both probe assemblies CHANNEL 
A and CHANNEL B will have to be replaced. Replacement 
Kit 08405-6056 supplies (2) complete type ''C'' probe assem- 
blies and Service Note (P-08405-6056) supplies the nec- 
essary replacement and adjustment procedures. Replace- 
ment Kits or Service Notes are available through the 
nearest HP Office. 


b.) If the APC Light (DS2) fails, it is recommended that diode Al12CR2 be changed (see 
Parts List for description). 


For increased accuracy of the voltmeter, it is recommended that resistors A5R31 and A18R31 
be removed and replaced with inductors A5L2 and A18L2 (see Parts List for description). 


a.) To eliminate possible oscillations of A6Q4, the recommended replacement is (HP Part 
Number 1854-0371). 


b.) To improve range to range tracking of the VOLTMETER, add capacitor A22C1 to A22 
Amplitude Range Switch Assy (see Figures 7-12 and 7-13). 


a.) To surpress oscillations which may occur on A1l0 APC Amplifier Assy (08405-6010), it 
is recommended that A10R5 be changed. 


From: 0757-0394 R:FXD MET FLM 51.1 OHM 1% 1/8Ww 
To: 0757-0406 R:FXD MET FLM 182 OHM 1% 1/8W 


b.) To dampen oscillations on the A6 180° Switch Assy (08405-6006) ,it is recommended 
that a ferrite bead A6L2 be added in the base lead of A6Q4. 


Add: A6L2 9170-0016 Ferrite Bead 
To improve performance of the Al4 VTO Assy (08405-6014), it is recommended that resistors 


A14R23 and R4 be added. Ré4 is to be inserted between pin 9 of XA14 and wiper A of A24 
Frequency Range Switch Assy (see Figures 7-16 and 7-17). 
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(08405-6021) (08405-6001) 
PROBE HOUSING PROBE CIRCUIT BOARD BOOT 
\ REPLACEABLE TIP 


cor E34 


LOOSEN TIGHTEN 


"A" Type Probe: The Original Probe 


Shipment Dates: May 1966 through December 1966 
Serial Numbers: 611-00101 through 645-00660 


Identifying Feature: 


(08405-6049) 


Probe tip screws into probe board 


PROBE HOUSING (08405 - 600! ) 


REPLACEABLE TIP \ PROBE CIRCUIT BOARD 


LOOSEN TIGHTEN 


{ +1=-2$ 13 SS I. “im 


BOOT 


"B" Type Probe: The Second Generation Probe 


Shipment Dates: January 1967 through August 1967 
Serial Numbers: 645-00661 through 725-01110 


Identifying Feature: 


(08405 - 6055) 


PROBE INSULATOR eet ella 


Probe tip screws into probe housing 


(08405-6054) 
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tikes ele | PROBE CIRCUIT BOARD 
Te 


' 


LOOSEN TIGHTEN g—SET 


SCREW 


"C'' Type Probe: The Final Probe 


Shipment Dates: September 1967 to Present 
Serial Numbers: 732-01111 and up 


Identifying Feature: 


Probe housing consists of two parts, 
barrel and insulator 


Figure 3. Three Types of Probes 


ALABAMA 

P.O. Box 4207 

2003 Byrd Spring Road S.W. 
Huntsville 35802 

Tel: (205) 881-4591 

TWX: 810-726-2204 


ARIZONA 

2336 E, Magnolia St. 
Phoenix 85034 

Tel: (602) 252-5061 
TWX: 910-951-1330 


5737 East Broadway 
Tucson 85716 

Tel: (602) 298-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel: (415) 327-6500 
TWX: 910-373-1280 


2220 Watt Ave. 

Sacramento 95825 
Tel: (916) 482-1463 
TWX: 910-367-2092 


9606 Aero Drive 
San Diego 92123 
Tel: (714) 279-3200 
TWX: 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


ARGENTINA 

Hewlett-Packard Argentina 
S.A.C.e.1 

Lavalle 1171 - 3° 

Buenos Aires 

Tel: 35-0436, 35-0627, 35-0431 
Telex: 012-1009 

Cable: HEWPACKARG 


BRAZIL 

Hewlett-Packard Do Brasil 
l.e.C Ltda. 

Rua Frei Caneca 1119 

Sao Paulo - 3, SP 

Tel: 288-7111, 287-5858 
Cable: HEWPACK Sao Paulo 


Hewlett-Packard Do Brasil 
Praca Dom Feliciano 78, 8 
andar salas 806/808 

Porto Alegre 

Rio Grande do Sul (RS)-Brasil 


Hewlett-Packard Do Brasil 
l.e.C. Ltda. 

Rua da Matriz 29 

Botafogo ZC-02 

Rio de Janeiro, GB 

Tel: 246-4417 

Cable: HEWPACK Rio de Janeiro 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11745 Jasper Ave. 

Edmonton 

Tel: (403) 482-5561 

TWX: 610-831-2431 


CONNECTICUT 
508 Tolland Street 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 


111 East Avenue 
Norwalk 06851 

Tel: (203) 853-1251 
TWX: 710-468-3750 


FLORIDA 

P.O, Box 24210 

2806 W. Oakland Park Blvd. 
Ft. Lauderdale 33307 

Tel: (305) 731-2020 

TWX: 510-955-4099 


P.O. Box 20007 

Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 

Tel: (305) 841-3970 

TWX; 810-850-0113 


GEORGIA 

P.O. Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


INDIANA 

3839 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


Hewlett-Packard Do Brasil 
Inddstria e Comercia Ltda. 
Praca Dom Feliciano 78 
Salas 806-8 

Porto Alegre RGS 


CHILE 

Héctor Calcagni y Cia, Ltda. 
Bustos, 1932-3er Piso 
Casilla 13942 

Santiago 

Tel: 4-2396 

Cable: Calcagni Santiago 


COLOMBIA 

Instrumentacion 

Henrik A. Langebaek & Kier 
Ltda. 

Carrera 7 No. 48-59 

Apartado Aereo 6287 

Bogota, 1 D.E. 

Tel: 45-78-06, 45-55-46 

Cable: AARIS Bogota 

Telex: 044-400 


COSTA RICA 

Lic. Alfredo Gallegos Gurdian 
Apartado 3243 

San José 

Tel: 21-86-13 

Cable: GALGUR San José 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
4519 Canada Way 

North Burnaby 2 

Tel: (604) 433-8213 

TWX: 610-922-5059 
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ELECTRONIC INSTRUMENTATION SALES AND SERVICE 
UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA 


LOUISIANA 

P.O, Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND 

6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-9157 


P.O. Box 1648 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

24315 Northwestern Highway 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-224-4882 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


2812 South Brentwood Blvd. 
St. Louis 63144 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel; (201) 265-5000 
TWX: 710-990-4951 


CENTRAL AND SOUTH AMERICA 


UNITED STATES 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


NEW MEXICO 

P.O. Box 8366 

Station C 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 

Tel; (505) 265-3713 

TWX: 910-989-1665 


156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Central Avenue 
Albany 12205 

Tel: (518) 869-8462 
TWX: 710-441-8270 


1219 Campville Road 
Endicott 13760 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 

TWX: 510-223-0811 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-541-0482 


NORTH CAROLINA 
P.O. Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 885-8101 
TWX: 510-926-1516 


ECUADOR 


Laboratorios de Radio-Ingenieria 


Calle Guayaquil 1246 
Post Office Box 3199 
Quito 

Tel: 12496 

Cable: HORVATH Quito 


EL SALVADOR 

Electrénica 

Apartado Postal 1589 

27 Avenida Norte 1133 

San Salvador 

Tel: 25-74-50 

Cable: ELECTRONICA 
San Salvador 


MANITOBA 
Hewlett-Packard (Canada) Ltd 
511 Bradford Ct. 

St. James 

Tel: (204) 786-7581 

TWX: 610-671-3531 


CANADA 


MEXICO 

Hewlett-Packard Mexicana, S.A. 
de C.V. 

Moras 439 

Col. del Valle 

Mexico 12, D.F. 

Tel: 575-46-49, 575-80-20, 
575-80-30 


NICARAGUA 

Roberto Teran G. 
Apartado Postal 689 
Edificio Teran 

Managua 

Tel: 3451, 3452 

Cable: ROTERAN Managua 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
2745 Dutch Village Rd. 

Suite 203 

Halifax 

Tel: (902) 455-0511 

TWX: 610-271-4482 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tel: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925 


1120 Morse Road 
Columbus 43229 
Tel: (614) 846-1300 


OKLAHOMA 


2919 United Founders Boulevard 


Oklahoma City 73112 
Tel: (405) 848-2801 
TWX: 910-830-6862 


OREGON 

Westhills Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 

Tel: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 

2500 Moss Side Boulevard 
Monroeville 15146 

Tel: (412) 271-0724 

TWX: 710-797-3650 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215) 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434-5535 
TWX: 710-381-7573 


TEXAS 

P.O. Box 1270 

201 £. Arapaho Rd. 
Richardson 75080 

Tel: (214) 231-6101 
TWX: 910-867-4723 


PANAMA 

Electrénico Balboa, S.A. 

P.O, Box 4929 

Ave. Manuel Espinosa No. 13-50 
Bldg. Alina 

Panama City 

Tel: 230833 

Telex: 3481003, Curundu, 
Canal Zone 

Cable: ELECTRON Panama City 


PERU 

Compania Electro Medica S.A. 
Ave. Enrique Canaual 312 
San Isidro 

Casilla 1030 

Lima 

Tel: 22-3900 

Cable: ELMED Lima 


PUERTO RICO 

San Juan Electronics, Inc. 
P.O. Box 5167 

Ponce de Leon 154 

Pda. 3-Pta. de Tierra 

San Juan 00906 

Tel: (809) 725-3342, 722-3342 
Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


SURINAME 
Surtel-Radio Holland N.V. 
P.O. Box 155 

Paramaribo 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 

Ottawa 3 

Tel: (613) 722-4223 

TWX: 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
50 Galaxy Blvd. 

Rexdale 

Tel: (416) 677-9611 

TWX: 610-492-4246 


P.0. Box 22813 
6300 Westpark Drive 
Suite 100 

Houston 77027 

Tel: (713) 781-6000 
TWX: 910-881-2645 


231 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-4171 
TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 487-0715 
TWX: 910-925-5681 


VERMONT 

P.0. Box 2287 

Kennedy Drive 

South Burlington 05401 
Tel: (802) 658-4455 
TWX: 510-299-0025 


VIRGINIA 

P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 285-3431 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 


*WEST VIRGINIA 
Charleston 
Tel: (304) 768-1232 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey... Skokie, 
Illinois. Their complete ad- 
dresses are listed above. 


*Service Only 


URUGUAY 

Pablo Ferrando S.A. 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Cable: RADIUM Montevideo 


VENEZUELA 

Hewlett-Packard De Venezuela 
C.A. 

Apartado 50933 

Caracas 

Tel: 71.88.05, 71.88.69, 71.99.30 
71.88.76, 71.82.05 

Cable: HEWPACK Caracas 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard 
INTERCONTINENTAL 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 493-1501 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Pointe Claire, at 
the complete address listed 
above. 
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Figure 1. Model 10216A Isolator 


1. DESCRIPTION. 


2. The Model 10216A Isolator is a_ signal-probing 
accessory for the Model 1410A Sampling Vertical Amplifier 
used in conjunction with the 140-series sampling system. 
The Model 10216A Isolator, illustrated in Figure 1, enables 
circuit probing when the test circuit impedance is different 
from the input impedance of the oscilloscope. Specifica- 
tions for the Model 10216A are listed in Table 1. 


Table 1. Specifications 


RISETIME: Less than 900 ps. 
OVERSHOOT or UNDERSHOOT: Less than 5%. 


TRACE SHIFT DUE TO CHANGES IN SOURCE 
IMPEDANCE: Less than 5 mV. 


Adds less than 3 pF to probe input capacitance. 


3. CONNECTIONS. 


4. The Model 10216A is connected to the Model 1410A 
probe by sliding the probe into the body portion of the 
isolator. 


5. OPERATION. 


6. The Model 10216A Isolator is used in conjunction 
with the Model 1410A Sampling Vertical Amplifier probe. 
If the circuit to be probed contains dc potentials, the HP 
Model 10217A Blocking capacitor must be used with the 
Model 10216A Isolator. 


7. CIRCUITS. 


8. The Model 10216A Isolator is basically a delay device 
which isolates the probe from a mismatched input im- 
pedance. A schematic for the Model 10216A is shown in 
Figure 2. 
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Figure 2. Model 10216A Isolator Schematic 


9. The signal is measured through a section of air- 
dialectric transmission line to provide isolation. Any 
reflection from a non-matched impedance at the isolator 
tip is not received at the probe input until after the 
sampling gate has closed. This keeps the trace baseline 
fixed as though a lumped impedance equal to the 
characteristic impedance of the transmission line section 
is placed across the probe input. 


10. Resistor R1 provides overshoot damping and causes 
the isolator to have an RC-limited risetime. Capacitor C1 
represents the stray input capacitance present within the 
assembly. 


11. MAINTENANCE. 


12. The only maintenance recommended for the Model 
10216A is to run a performance check if a malfunction 
is suspected. 


13. PERFORMANCE CHECK. 


14. Perform the following procedure as an acceptance 
check or if a malfunction in the isolator is suspected. Test 
equipment required for the performance check is listed 
in Table 2. 


a. Set Pulse Generator for positive output and trigger. 
b. Connect 50-ohm load to 50-ohm Tee. 


c. Connect loaded 50-ohm Tee to Pulse Generator 
OUTPUT. 


d. Connect Pulse Generator trigger to Time-base EXT 
trigger input. 


10216-90902 


a For more information, call the local HP Sales Office or East (201) 265-5000 . Midwest (312) 677-0400 . South (404) 
© 436-6181 West (213) 877-1282. Or, write: Hewlett-Packard, 1501 Page Mill Road, Palo Alto, California 94304. In 
Europe, Cable “HEWPACKSA” Tel (022) 41.54.00 or write Hewlett-Packard, 1217 Meyrin-Geneva, Switzerland. 


Printed in U.S.A. 
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e. Set Sampling Oscilloscope vertical controls as g. Connect Model 10216A Isolator to CHANNEL A 
follows: probe. Insert Isolator into 50-ohm Tee, and observe pulse 
on CRT. Pulse risetime should be less than 9 divisions 
MILEIVOLTSYGM (A) aan. cee eee ee 50 (900 ps). Overshoot and undershoot should be less than 
VERNIERAA)S cine ce set for 10 div display 0.5 divisions. 
MOC oar rete ace rceatacs a.che Maine ane eae eee A 
VERTRPOS Sat ee eee ee as required 
NORM-SMOOTHED').. --.40 tee NORM 15. REPLACEABLE PARTS. 
TRIGGER Yee 2b ck See re ee ee A 
SMOOTHING ADJ Mate... cone eee optimized 
16. The only replaceable part in the Model 10216A 
f. Set Sampling Oscilloscope time-base as follows: lsolator is the probe pin, HP Part No. 5020-0457. Contact 
the nearest HP Sales/Service Office for replacements. If 
time/CIVISION mcutre cerca = tsa ices eee eens the Isolator is faulty, it must be replaced in its entirety. 
TIGGEr SIODGmn pare ae kee oe eee positive 


Table 2. Test Equipment Required 


Recommended Instrument 


HP 213B 


Required Characteristics 


Pulse Generator Risetime less than 100 ps 


Sampling Oscilloscope 


Mainframe HP 140A HP 140-series 
Vertical Amplifier HP 1410A No substitute 
Time Base HP 1424A HP 1400-series sampling time base 


50-ohm Tee 


HP 10221A 1 GHz Bandwidth 


50-ohm Load GR874-W50 


1 GHz Bandwidth 
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Figure 1. Model 10216A Isolator 


1. DESCRIPTION. 


2. The Model 10216A Isolator is a signal-probing 
accessory for the Model 1410A Sampling Vertical Amplifier 
used in conjunction with the 140-series sampling system. 
The Model 10216A Isolator, illustrated in Figure 1, enables 
circuit probing when the test circuit impedance is different 
from the input impedance of the oscilloscope. Specifica- 
tions for the Model 10216A are listed in Table 1. 


Table 1. Specifications 


RISETIME: Less than 900 ps. 
OVERSHOOT or UNDERSHOOT: Less than 5%. 


TRACE SHIFT DUE TO CHANGES IN SOURCE 
IMPEDANCE: Less than 5 mV. 


Adds less than 3 pF to probe input capacitance. 


3. CONNECTIONS. 


4. The Model 10216A is connected to the Model 1410A 
probe by sliding the probe into the body portion of the 
isolator. 


5. OPERATION. 


6. The Model 10216A Isolator is used in conjunction 
with the Model 1410A Sampling Vertical Amplifier probe. 
If the circuit to be probed contains dc potentials, the HP 
Model 10217A Blocking capacitor must be used with the 
Model 10216A Isolator. 


7. CIRCUITS. 


8. The Model 10216A Isolator is basically a delay device 
which isolates the probe from a mismatched input im- 
pedance. A schematic for the Model 10216A is shown in 
Figure 2. 
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Figure 2. Model 10216A Isolator Schematic 


9. The signal is measured through a section of air- 
dialectric transmission line to provide isolation. Any 
reflection from a non-matched impedance at the isolator 
tip is not received at the probe input until after the 
sampling gate has closed. This keeps the trace baseline 
fixed as though a lumped impedance equal to the 
characteristic impedance of the transmission line section 
is placed across the probe input. 


10. Resistor R1 provides overshoot damping and causes 
the isolator to have an RC-limited risetime. Capacitor C1 
represents the stray input capacitance present within the 
assembly. 


11. MAINTENANCE. 


12. The only maintenance recommended for the Model 
10216A is to run a performance check if a malfunction 
is suspected. 


13. PERFORMANCE CHECK. 


14. Perform the following procedure as an acceptance 
check or if a malfunction in the isolator is suspected. Test 
equipment required for the performance check is listed 
in Table 2, 


a. Set Pulse Generator for positive output and trigger. 
b. Connect 50-ohm load to 50-ohm Tee. 


c. Connect loaded 50-ohm Tee to Pulse Generator 
OUTPUT. 


d. Connect Pulse Generator trigger to Time-base EXT 
trigger input. 
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e. Set Sampling Oscilloscope vertical controls as g. Connect Model 10216A Isolator to CHANNEL A 
follows: probe. Insert Isolator into 50-ohm Tee, and observe pulse 
on CRT. Pulse risetime should be less than 9 divisions 
VMIELIVGETSTECMMA)es. < eo eee nena 50 (900 ps). Overshoot and undershoot should be less than 
VERNIERIUA) Beeeessienere iene set for 10 div display 0.5 divisions. 
piss Pelee par a Rane ah ety MMR eae Ae. A A 
NAR Pak ss fee etna ea a he pe ne a as required 
NORM:-SMOGTIHED ecco. cere NORM 15. REPLACEABLE PARTS. 
TRIGGER? Rae eae ee aaa ee eer ea A 
SMOOTHINGEA Dd ey cees revs deen enone optimized 
16. The only replaceable part in the Model 10216A 
f. Set Sampling Oscilloscope time-base as follows: lsolator is the probe pin, HP Part No. 5020-0457. Contact 
the nearest HP Sales/Service Office for replacements. If 
*tayfelWIAslal as ee co chovoms aid chao h dace ees the Isolator is faulty, it must be replaced in its entirety. 
TTIGGEMSIODC Mae tetris oe auar en bce Seni positive 


Table 2. Test Equipment Required 


Recommended Instrument 


Pulse Generator HP 213B Risetime less than 100 ps 


Required Characteristics 


Sampling Oscilloscope 


Mainframe HP 140A HP 140-series 

Vertical Amplifier HP 1410A No substitute 

Time Base HP 1424A HP 1400-series sampling time base 
50-ohm Tee HP 10221A 1 GHz Bandwidth 


50-ohm Load GR874-W50 1 GHz Bandwidth 


+ 


ELECTRONIC 


Cable: TELECTRA Luanda 


AUSTRALIA 

Hewlett-Packard Australia 
Pty. Ltd. 

22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (6 lines) 

Cable: HEWPARD Melbourne 

Telex: 31024 


Hewlett-Packard Australiz 
Pty. Ltd. 

61 Alexander Street 

Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 

Telex: 21561 


Hewlett-Packard Australia 
Pty. Ltd. 

$7 Churchill Road 

Prospect 5022 

South Australia 

Tel: 65.2366 

Cable: HEWPARD Adelzide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelzide Terrace 

Perth, WA. 6000 

Tel: 21-3330 

Cable: HEWPARD Perth 


Hewlett-Packard Australia 
Pty. Ltd. 
10 Woolley Street 
P.O. Box 191 
Dickson A.C.T. 2502 
Tel: 49-8194 
Cable: HEWPARD Canberra ACT 


Hewlett-Packard Australia 
Pty. Ltd. 

75 Simpsons Road 
Bardon 

Queensland, 4062 

Tel: %-5411 


Tel: 5496 
Cable: HOTPOINT Colombo 


CYPRUS 

Kypronics 

19 Gregorios & Xenopoulos Road 
P.O. Box 1152 

Nicosia 

Tel: 6282-75628 

Cable: HE-I-NAM! 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P.O. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel: 12285 

Cable: ASACO Addisababe 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd 
P.O. Box 297 

1511, Prince’s Building 15th Floor 
10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

Bive Star Ltd. 
Kasturi Buildings 
Jamshedji Tata Rd. 
Bombay 208R. india 
Tel: 29 50 21 

Telex: 2156 

Cable: BLUEFROST 


Bive Star Ltd. 

Band Box House 
Prabhadevi 

Bombay 2500. India 
Tel: 45 73 01 

Telex: 2156 

Cable: BLUESTAR 


Blue Star Ltd. 
14/40 Civil Lines 
Kanpur, India 
Tel: 6 88 82 
Cable: BLUESTAR 


Bive Star, Ltd. 

7 Hare Street 
P.O. Box 506 
Calcutta 1, India 
Tel: 23-0131 
Telex: 655 
Cable: BLUESTAR 


Tel: 62 32 76 
Telex: 463 
Cable: BLUESTAR 


Blue Star Ltd. 
174 Ulsoor Road 
Bangalore-4 


Blue Star, Lid 

S6 Park Lane 
Secunderabad 3, indiz 
Tel: 7 63 91 

Cable: BLUEFROST 


Bive Star, Ltd. 

23/24 Second Line Beach 
Madras 1, India 

Tel: 2 39 55 

Telex: 379 

Cable: BLUESTAR 


Bive Star, Ltd. 

18 Kaiser Bungalow 
Dindli Road 
Jamshedpur, indiz 
Tel: 38 04 

Cable: BLUESTAR 


INDONESIA 

Bah Bolon Trading Coy. N_V. 
Diziah Merdek2 29 
Bandung 

Tel: 4915 51560 

Cable: ILMU 

Telex: 809 


IRAN 

Telecom, Ltd. 

P.O. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel: 43850, 48111 
Cable: BASCOM Teheran 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

17 Aminaday Street 

Tel-Aviv 

Tel: 36941 (3 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Bastel Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd 
Ohashi Building 

59 Yoyogi 1chrome 
Shibuya-ku, Tekye 

Tel: 03-370-2281/7 

Telex: 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


HEWLETT: PACKARD 
INSTRUMENTATION SALES 


1A, AUSTRALIA 


HERLANDS 
ett-Packard Benelux, NV. 
jestein 117 
Box 7225 
»Z11 
020-42 77 77 
: PALOBEN Amsterdam 


uipamentos 
ricos, Sart 
Rodrigo da Fonseca 103 
Box 2531 
1 
60 72 
= TELECTRA Lisbon 
1598 


N 
ingenieros SA 
we Larreta 12 
, 16 
15 35 43 
: TELEATAIO Madrid 
- 27249€ 


Ingenieros SA 
© 76 
fona € 
11-44-66 
+ TELEATAIO BARCELONA 


STRALIA 


Hewlett-Packard Ltd. 
ibaragi Bidg 
2 


Tel: 23-1641 
Telex: 385-5332 YHPOSAKA 


Yokogewa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel: 551-0215 


Yokogewa-Hewlett-Packard Ltd. 
Nitto Bidg. 

2300 Shinohara-cho 

Kohoku-ku 

Yokohama 222 

Tel: (405) 432-1504/5 


KOREA 

American Trading Co., 

Korea, Ltd. 

Seoul P.O. Box 1103 

7th & 8th floors, DaeKyung Bidg 
107 Sejong Ro 

Chongro-Ku, Seoul 

Tel: 75-5841 (4 lines 

Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 

P.O. Box 7213 

Beirut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd 

2 Lorong 13/64 

Section 13 

Petaling Jay2, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. WL Goncalves, LDA 
4.1 Apt. 14 Av. D. Lois 
P.O. Box 107 
Leurence Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (WZ) Lt. 
32-34 Kent Terrace 


Cable: HEWPACK Wellington 


Hewlett Packard (NZ) Ltd 
Box 51092 

Pukuranga 

Tel: 573-733 


AND SERVICE 


SWEDEN 

Hewlett-Packard Sverige AB 

Enighetsvagen 1-3 

Fack 

S-161 20 Bromma 20 

Tel: (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


Hewlett-Packard Sverige AS 
Hagakersg2tan OC 

Box 4028 

S 431 04 M@indal < 

Tel: 031 - 27 68 00 

Telex: 21 312 hpmind' 


SWITZERLAND 

Hewlett Packard Schweiz AG 
Zurcherstrasse 20 

CH-2952 Schlieren Zurich 
Tel: (051) 98 12 21/25 
Cable: HPAG CH 

Telex: 53933 


Hewlett Packard Schweiz AG 
Rue du Bois-du-Lan 7 

1217 Meyrin 2 Geneva 

Tel: (022) 41 54 60 

Cable: HEWPACKSA Geneva 
Telex: 2 24 85 


TURKEY 

Telekom Engineering Bureau 
P.O. Box 376 

Warekoy 

Istanbul 

Tel: 49 40 40 

Cable: TELEMATION Istanbul 


PAKISTAN (EAST) 
Mushko & Company, Lid 
Zirat Chambers 

31, Jinnah Avenue 


Victoria Read 

Karachi 2 

Tel: 511027, 512827 

Cable: COOPERATOR Karachi 


PHILIPPINES 
Electromex inc. 

Makati Commercial Center 
2123 Pasong Tamo 
Makati, Rizal D 708 

P.O. Box 1028 

Manila 

Tel: 89-85-01 

Cable: ELEMEX Manilz 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd 

3, Jalan Kilang 

Red Hill Industrial Estate 

Singapore, 3 

Tel: 642361-3 

Cable: MECOMB Singapore 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

Braamfontein Transva2 

Milnerton 

30 De Beer Street 


Johannesburg 

Tel: 725-2080, 725-2030 
Telex: 0225 JH 

Cable: HEWPACK Johannesburg 


Hewlett Packard South Africe 


Bree Street 

Cape Town 

Tel: 36019, 36545 

Cable: HEWPACK Cape Town 
Telex: $0006 


Hewlett Packard South Africa 
308 Glenwood Centre 
Corner Hunt 2 Moore Roads 
P.O. Box 99 

Overpert. Nztz! 

Tel: 34753 


UNITED KINGDOM 
Hewlett-Packard Ltd. 

224 Bath Road 

Slough, Bucks 

Tel: Slough (0753) 33341 
Cable: HEWPIE Slough 
Telex: 24413 


Hewlett-Packard Ltd. 
The Graftons 
Stamford New Road 
Altrincham, Cheshire 
Tel: 061 922-8626 
Telex: 662062 


YUGOSLAVIA 

Belram SA 

83 avenue des Mimosas 
Brussels 1150, Belgium 
Tel: 34 33 32, 24 2619 
Cable: BELRAMEL Brussels 
Telex: 21790 


SOCIALIST COUNTRIES 
PLEASE CONTACT: 
Correspondence Office for 
Eastern Europe 

innstrasse 23/2 

Postfach 

41204 Vienna, Austria 

Tel: (222) 3366 06/09 
Cable: HEWPACK Vienna 
Telex: 75923 


ALL OTHER EUROPEAN 

COUNTRIES CONTACT: 

Hewlett-Packard SA 

Rue du Scis-du-Lan 7 

1217 Meyrin 2 Geneva 
Switzeriand 

Tel: (622) 41 54 00 

Cable: HEWPACKSA Geneva 

Telex: 2.24.26 


TAIWAN REP. OF CHINA 
Hewlett Packard Taiwan 

38 Chung Shizo West 

Sec. 1 

Overseas Insurance 

Corp. Bidg. 7th Ficor 

Taipei 

Tel. 579-605, 579-610, 57$-613 
Telex: ¢/o Bankamerica TP 339 
Cable. HEWPACK Taipei 


THAILAND 

The Internationa 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 


Bangeok 

Tel: $10722 (7 lines 

Cable: GYSOM 

TLX INTENCO BK-225 Bangkok 


VIETNAM 

Peninsular Trading Inc. 

P.O. Box H-3 

216 Hien-Yuong 

Saigon 

Tel: 20805, $3398 

Cable: PENTRA, SAIGON 242 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
PO. Box 2732 

Lusaka 

Zambia, Central Africa 


MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 

Hewlett-Packard Correspondence 
Office 

Piazza Marconi 25 

100144 Rome-Eur, Italy 

Tel: (6) 59 40 29 

Cable: HEWPACKIT Rome 
Telex: 61514 


Hewlett-Packard Far East 
Area Office 

P.O. Box 87 

Alexandra Post Office 
Singapore 3 

Tet: 633022 

Cable: HEWPACK SINGAPORE 


OTHER AREAS NOT 
LISTED, CONTACT: 
Hewlett-Packard 

INTERCONTINENTAL 
3200 Hillview Ave. 
Palo Alto, California $4304 
Tel: (415) 326-7000 

(Feb. 71 493-1501) 

TWX. 910-373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8461 


HEWLETT fp PACKARD 


as 


08405-90024 . 
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